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PREFACE TO FOUR^HL EDitioN 

j 

The last edition of thj;^ volume ^^p^cartd in the year 1903. 
It is hardly necessary to say^that bine# then the chemical 

industries treated therein 'have made vast strides forward, 

• • • 

not merely in respeftt of cjpantilMive extension, bi\t also in 

the methods of* manufacture. It seems, therefore, full time 

to register this progress, which I have been enabled to do 

by pefsonal observation as wdl as^liy a great number of 

communications made to me, ajtart from the vast amount 
• *1 
of material contained in the technical publications and in 

the patent spccihcatibps during diis time. 

I have done my best to embody this i‘resh matter with 

that contaiiied in the former editions, and I trust the readers 

of this Tre.itise will give rnc credit for my endeavours to 

• r 

keep it up to its standard of usefulness, and that they will 

• • 

excuse the errors and omissions inevitable when dealing with 
such a vast subject. 

The considerable amount oi* n<5v Tnattcr published in this 

field during the printing of this vojume has been embodied 

in tb'^' Addenda* so'as to brin^ up the subject to the present, 

date. • 

G. LUNGE. 


Zurich, Februa^ J9I3' 
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FIRST "1K)0K 

sulphVrig* acid 

INTRODUCTION 

Formerly the term “alkali manufacture” nearly always tom- 
prised a cyjile of operations, beginning with the manufacture of* 
sulphuric acid and [?roc9eding to that of sulpliate of soda (sait- 
cake), hydi^chloric acid, soda-ash ^with caustic sod^, soda- 
crystals, etc.), and#bleaching-powcler. This cycl(^is not completed 
in all factories, but frequently (at the present day even more s^o 
than formerl;') the operation stops at sulphuric acid or sulphate 
of soda ; but we may embrace all this under the general term of 
“Sulphuric Acid and Alkali tVIanufacture.” 

In this wider meaning t^c products of alkali-making arc 
necessary materials for many metallurgical processes, for the 
manufacture of artificial manures, so^p, fatty and mineral oils, 
glass, paper, many inorganic and orgj^nic •'colouring-matters 
(especially nearly all coalTar dyes), and even of many articles of 
food, — that is to say, for nearly all branches of manufacturing 
chemistry. In fefet, &piong all bitinches of chemical industry 
the cycle of technical operations connected with afkali-making is*^ 
pre-eminent, not merely from the m&gnitude of the works and 
the .absolute bulk of the raw material used and the quantity , 
produced, but also from the fact that most other cliemical pro* 
ducts require one (ar moi^ braifches of alkali-makiij^ as the 
conditions of Ihcii* own “existence* ^It can be truly said that the 
manufacture ofacids ajck^ilkali is the foundation \ipon which the 
whole chemical.i^istry of times* is buillr up, aud that such 
industry c^innot be much developed^*# ?fny country not possess- 
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ing & fl(Xi|islvng alfcali traile, or nift*bying least specially 
well situate^ for buying the prTxluce|)f the latter. It i^thus 
• evident how great is^ Ihe importance of the alkali trade in its 
\Cider meaning terth^* civilisation pf mankii^l, though we should 
certainly be going Uotfar if we measured, as some have done, 
the civilisation of a country by thc^ development of this special 
i^idustry. * 

Formerly the ^vhole cyCle«of processes here described was 
intimately connected with^the great ^invention of Leblanc, now 
a century and a qliarter ^old. Thk'ty vears ago, although the 
ammonia-sdt<’a process had* then already more than proved its 
right to be considered ti full success, it had ^lot yet shaken in 
any tangible degree the supremacy of the Leblanc process, at 
least rot in Great Britain. * In the latter process thq different 
branches of “ alkali-making mentioned above are connected in 
such a manner that only Under special local conditions can one 
' or more of the principal sul^stances be omitted. Formerly this 
vv^s the case eventless than now, as the coiiTpctition of ammonia- 
soda as^i and electrolytical methods have complt^tely altered 
some of the conditions of trade, making it unremunerative in 
Qiany cases to convert the sulphate of soda into the carbonate. 
Many works now stop at the manufacture of <^ilphuric acid ; 
others go as far as sul[)hate of soda, together with chlorine 
products ; but many proceed still further, going on to the manu- 
facture of soda in its various branches. • 

The manufacture of sulpJmric acid is in reality a very large 
indu<4try, quite .apart from its Connection with the I.eblanc 
process. Enormo'tis quaptities of it are required for the manu- 
facture of artificial manures (fertilisers), and therefore every 
large manure factory makes its own sulphuric acid. This is 
done also by the largest sul^'hate-of-amnj bn ia*" works, petroleum 
refipers, coal-tar dye manufacturers, and in a few other cases. 
Some works in Englanc|^*and many on the Continent, make 
sulphuric agpd to a great extent, or even entirely, not for their 
own use, but for sale. Since this acid is no longer sent out in 
any considerable quantity in glass ccaM3oyi5, but in iron tank- 
waggons, [t can be carried tw coijsidefablc distances at moderate 
cost. ' . ■ - 

As-sulpburic aefid is mos^y madWfrom py^ijgsfits manufacture 
is intimately connected* ith the recovery ^of coppef from the 
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cinders, in which pr«cesl ferric «»xide, stiver^* cind^ ^ther by- 
products are obtained. ^ ^ 

A very large (forinerjy even the large.^'t^'l quantity of sulphuric* 
acid is used up at the works themselves Tqr the mapiufactura* fif 
stilpliat^of soda [salt-cake] and sulphate op pH)tash,l\n which hydro- 
chloric at id is a necessary b^v-prodiict. Sometimes salt-cake is 
obtained without previously manufactur^ipg sulphuric acid, as 
by-product of other manufactiir(fs oV by the ‘ direct process ” of 
Hargreaves and Robinson. 6alt-cajve is used on a very large 
scale for the manufactyre*^if glass; ^nd pdrhaps even more of 
it still enters into the Leblanc profess for nmnufxcturing soda. 
This article is mostly the final product, 'either in the calcined or 
crystallised or caustic state, and the series of operations is thus 
brought t^) a close in this direction!’ ^ 

Hydrothloric acid [muriatic acid) is, o^xourse, sold as such to 
some extent, but in nothing like such Inrgc quantities as sulphuric 
acid, as its carriage is impossible ip metallic vessels, and there-' 
fore more expensive an/i troublesome. Mo*it of it is at once, 
sometimes wen without condensation to liquid acid, c^Jiivcrted 
into thloriue, whic4i, being a gas, is immcdiatel)i worked up into 
blcachmg-powder or chlorate of potash, or occasionally into olh^,r 
products ; a v ohiparatively small (juantity of it is sold in the state 
of liquid chlorine. The time when the hydrochloric acid was 
condensed merely to satisfy the exigencies of laws made for 
protecting the health and vegetation of a neighbourhood, and 
was then run to waste into the nearest watercourse, is long ago 
past, since the process of ded^unposing salt by sulphuric acid is 
only profitable if the hydrochloric acid»ds#fully utilised ; this acid 
has thus in many cases risen from the rank of a by-product to 
that of the best-paying principal product. 

Since the comditiohi! of the Leblinc process have been further 
changed by the solution of the problem of the recovery of sulphur 
from the alkali waste, it has been mVlc into a real cycle, into 
which commoi^salt and coal enter at one end, alkal^and chlorine • 
issuing at the other, whilst sulphur and possibly even lime are 
made to do service o»vei^niJ over again. ]This, however, appears 
most clearly in Vbls*. II. ahd IJI.' of this tre^tvse ; to; which we 
also refer for such geniji^l observatipns as the ^himpnia process 
of soda manufact^j;^ calls foi^ *' « 

The Isfst, and a^very funciamenfaJj cliange of the conditions 
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of what iicoiigpiisqcFb)' the 4erm “aliali jnanufacture” has been 
effected by^the envelopment of the §e/irtrofy/ic mafiufacturing 
process, which must Jjfc relegated to a special volume, except 
ttii)sc processes ^vhych deal witj^ the production of nitrogen 
oxides and •>;ide fgo*n free nitrogen or ammonia; these are 
dealt with in their proper place in this present volume. 
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HISTORICAL AND GENERA#. NOTES* ON THE MANUFACTURE 
OF* SUEPlluRIO ACID 

Histo}'v of the ManufiKture of Sulphuric Acid. 

Aci’ORDiVG to Rodwcll {Birth of Chcinistry^ it is very probable 
that sulphuric acid was already known *10 the ancients; but 
usually its first, although indistinct, nfention is ascribed to’ the 
Arab Gebcrfwho speaks of the “s[#irit” which can be expelled 
from alum and which possesses solvent piSwers. Geber is, 
however, a •mythical personage, and many of his •alleged 
numerous discovefries have wrongfully crept •into the Latin 
“translations” of his pretended writings, as proved by ]]erthelo| 
and vSteinschirider {cf. Lippmann, Z. aui^cw. Chem , 1901, p. 
646), who show that sulphuric acid was unknown to the Arabian 
writers about 975 a.d. Others give the honour of its dis- 
covery to the Persiifn alchemist Abu-lk*kr-Alrhases, who is 
said to have died in 940. Vincentius de Ik'auvais (about 
1250) alludes to it; and Alb^rtus Magnus (1193-1280) sf^j^ks 
of a spiriius vitrioli Romani^ wliich^can»oniy have been sulphuric 
acid ; his “sulphur philosa[)horum ” is the same thing. 

With all distinctness Basilius Valentinus, who has probably 
lived in the seCbnd*Jhalf of the* fifteenth centur)', in his 
Revelation of the Hidden Manipulations, describes its pre- 
paration for calcined copperas and sifipa, and, in his Triumphal 
CarVf Antimo^p, also its preparation by burning .-julphur with 
saltpetre (Kopp, Geschichtc der Chemie, iii. p. 303) ; but he 
took the two to be tiifi^refit substances.* • , 

Gerhard Dornieiis’(j57d) dcs^rribad its |:y'o^c*rties accurately ; 
Libavius (1595) recognSed the itjpytity of *icids from 
different proces^e^'^f prepirfation the saiTie wa« done by 
Angelus Sala (161^), who pointed f)ut the fact, which had 
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MANUFACTURE OF SULPJIURIC ACID 

sunk, int<j oblivion %ince 13 <isilius, tflat sulphuric acid can be 
obtained b3^*burnin" sulphur in moist vessels (of course with 
access of air) ; after tlVat time it was prepared by the apothe- 
(Sifies in tliis wayi essential improvement, viz. the addition 
of a little sal^it't^'c, introduced in 1666 by Nicolas ie Fevre 
and Nicolas Lemery. This caused a sort of manufacture of 
^^itriol which is said have been fntroduced into England by 
Cornelius Drebbc 4 ; a quaeJk cioctor of the name of Ward first 
carried on sulphuric-acid making, on what was then a large 
scale, at Richmond, •near London, j^rbbably a little before 1740. 
Ward emplc^/ed Warge glass vessels up to 66 gallons capacity, 
which stood in tw'o rows in a sand-bath,' and which were 
provided wdth horizontally projecting necks ; at the bottom 
they contained a little w^at(?r. In each neck there vyis placed 
an earthenware pot, #ind on this a small red-hot iron dish, 
into*wdiich a mixture of f)ne part saltpetre and eight parts of 
brimstone were put ; then Jthe neck of the bottle was closed 
\v*ith a w^ooden [Aig ; on the combustion* being finished, fresh 
air waj^ allowed to enter the vessel, and the operation was 
repeated till tl^‘ acid had become strong e^iough to pay for 
(^oncentrating in glass retorts. 

Ward called the {)roduct “ oil of vitriol mad^ by the bell ” 
(already Basilius Valentinus had used the expression “ per 
campanam ” in this sense), in ord(;r to distinguish the spirit of 
vitriol made from brimstone froin that distilled from sulphate 
of iron, the latter having been already before Ward’s time 
made on a kind of manufacturing scale in England : an exact 
description of thiS” is (^ivc^ji by J. C. Jiernhardt in his CJicmischc 
Versuchc nnd Erfahningoi, 1755. Ward’s process, troublesome 
as it is, reduced the prwee of the acid from 2s. 6d. per oz. (the 
price of the acid from copperas or frgm blirning brimstone 
unc^er a moist glass jar) to 2s. [jcr lb. 

An extremely important improvement in this process was 
the introduction of the lead chambers^ which by ^Jeneral consent 
is ascribed to Dr Roebuck of Birmingham, who in 1746 erected 
such a /ciiamber 6 ft.'square, and ifx 1^49* in partnership with 
Mr Garbejt, buih. ^ tictory, founded* therebn* at JTestonpans in 
Scotland, iv of^ler to sujoply acid fof 4 he bleaching of linen. 
The mixtifre of^brimstoqc and'^saltpetrti^ni* the proportion 
employed by Ward waVput into small ipn waggons which 
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were run into tfie charQberlon a railjj^ay : tht chamber was closed, 
and the process carried on intcrftiittcntly in thjs way. • Guttmann 
(/. ^oc. Chcm. Tnd., 190T, p. 5) gives a detailed description and 
some drawings of such “ lead-(jouses ” an(J*the^ style^of working, 
from a^naniiscript by a Birmingham c]iemist, E. Sheffield, 
written between 1771 and 1790. The cost of acid of sp. gr. 
1-844 per ton by that proce^^s was £2^, 6s. 46. without labour. 

Soon other works followed ^t Bridgenofth, and at DowlSs 
in Worcestershire, where the, chambers were already made 10 
ft. square; in 1772 a facf<iry was en-ected.in London with 71 
cylindrical lead chambers, eadi 6 ft.*in diameter and 6 ft. high. 
In 1797 there were already six or eight works in Glasgow 
alone. According to the statements given in Mactear’s Report 
of the Al^'ali and lUeaching-Poivdcf' Alanufactnrc hi the Glasgow 
District (p. 8), the acid at that titne c(JSl the Glasgow manu- 
facturers £12 per ton, and was .sold j^t ^^54. At Radcliffe,near 
Manchester it cost, in 1799, £21, los. per ton, without intere.st, 
on capital. In the* latter place there were^6 chambers 12 ft. 
long, T2 ft., wide, and 10 ft. high, witlt roofs like those of houses, 
and valves opened between each operation ; on their bottom 
there was 8 or 9 in. of water; every four hours a mixture of 
I lb. saltpctr'* and 7 ^b. brimstone was burned in each chamber 
on iron shelv('"', of which each chamber contained four, 4 in. 
di.stant one from another. The shelves were made of very thin 
iron, in order to ge,t: heatec^ very quickly, and rested on iron 
frames, by means of which they could be slid in and out ; a 
quarter of an hour before e^ch operi>tion the valves and^ doors 
were opened in order to allow air to enV^f. Thus weekly, 
1386 lb. of brimstone ^and 19S lb* of saltpetre were burnt, 
yielding 1800 lb. of oif of vitriol — that is, 130 per cent of the 
sulphur, with a* consumption of* 14-28 per cent, saltpetre on 
the same. In six weeks the strength of the aciv'l attained only 
1*250 sp. gr. ; it was then run off and concentrated i!p to 
^’375 sp. gr.jin which state it was used and sold. At Preston-^ 
pans, in 1800, a yield of only iii per cent, on tlic sulphur w^s 
attained, with a c^ns^mytion eff 13 per cent, saltpetre on the 
brimstone; m 1813 tRerc were*in thal^ plac^ to8 cfillmbers of 
14 L? length,’ 10 ft. ^•ight, ancU4i ft. udi^th.* In* 1805 there 
existed at Biuri^island a/ factor^* with chjimbcrs of a 
capacity* of 19 cb. ft. each. 
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^'MANUFACTURE OF SUpHURIC AfciD 

Forbes C^rpeifter and^W. F. R^id ajso give some interest- 
ing notes b^y'the parly manufafture of sulphuric acid {/^ Soc. 
Chem. hid, 1901, p.'^i The former mentions acid-chambers 
erected in T'ornw.ill ^from dresse^l granite, with lead top and 
bottom. ^ ^ • 

In the meantime the first lead chamber in France had been 
erected at Rouen by nol^vcr in 17^6. In i 774 ) ph'^cc, 

on the advice of lt)e la FoKie^an important improvement was 
introduced, viz. the introduction .of steam into the chambers 
during the combustion of brimstoit6. In 1793 Clement and 
Desormes slpwed that tlie acid-chambers can be fed by a 
continuous current of air, by which a great deal of saltpetre 
could be saved. They showed that the oxidation of sulphurous 
acid takes place to the extent of nine-tenths at the e.^pense of 
atmospheric oxygen, 'and th^t the saltpetre plays only the part 
of intermediary between ^le air and the sulphurous acid. By 
tthis demonstration the modern theory of the 038^*000 of the 
suJphuric-acid-maWng process was cstc'jbli.Micd ; but it took a 
rcma.rkably long time before the difficulties werQ overcome 
which stood in the way of introducing the c(i.ntinuous system 
into practice. Usually the introduction of the continuous 
burning of brimstone is ascribed to Jean Holkcr (n grandson of 
the first Holker), in 1810; but, according to Mactear, a con- 
tinuous system had been introduced at wSt Rollox, at least 
partially, already in 1807; steam ,\vas first* introduced therein 
1813 or 1814. 

Ii\ Germany the first lead clyimbers seem to have been 
tho§e at Ringkuh?, ne^r Casscl. One of the oldest chambers 
was that erected by Dr Richard at Potschappel near Dresden 
in 1820; as he had no plumber at h‘is disposal, he had to 
solder the chamber himself with soft solder and a smoothing- 
iron (Bode, iiV his translation of H. A. Smith’s Sulphuric 
Acut Manufacture, p. 96).^ This chamber was still charged 
Jntcrmittently, 100 lb. of' brimstone yielding onJy 150 Ib.cof 
vftriol. 

" Lampadiu.s, in a treatise (published r.m iiSisJ speaking of 
sulphuric‘acid as then made in Fnglaird and«at Schwemsal, near 
Leipzig, describes the* lead cham'bcrs ac rooms,*’ about ^5 ft. 

1 Quoted bj Cl. Wfnkler, Z. angew, (Stem., 1900, 8onie of the 
followint( statements are alsoValfcn fiom this paper. 
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square with a stone flqor, lined thrpughouVwitti lead^with two 
doors through which sulphur is^ntroduced ai]d burjitd on iron 
dishes, holding ^ cwt. of brimstone, mjxcd with 20 per cent, 
nitrate of potash, steam being,introduced>tronj a copper outside 
the room. Through four pipes and ^aps, during the later 
stages of the combustion (which lasted three hours), a little 
air was admitted. The “^oom”was exposed to great strain 
through the strong expansion ^nd* subsequisnt contraction of 
the atmosphere inside. The. dilute acid formed was boiled 
down in glass retorts to ?;p. gr. i-8oo. 

The invention of soldering* lead,* not with*“sofj solder,” but 
with lead itself, generally called “burning,” by means of the 
hydrogen blowpipe, is due to Debassayns de Richcmonfl, in 
1838, late as 1846 Prechtl’s ^Technical Eiicyclopirdia (xiv. 
p. 246) mentions the chambcr«sides\as beji/g .sometimes covered 
with a crust of chamber-crystals, i or«i inch thick, which pr^oves 
the want of understanding the process at that time. 

Kestner, of Thailn i.n ALsacc, was the first to collect the 
products ofi condensation at the cHamber-sides in grd^r to 
regulate the working of the chambers thereby. ^This innovation 
was at once considered of such importance that Kestner was 
called to Gla.';*^ow in order to introduce his plan into Tennant^s 
works. 

In 1827 Gay-I.us.sac’s cs)ndcnsing-apparatLis for the nitre- 
gas escaping from the chambers was invented : at Chauny this 
apparatus was erected in 1842, at Gla.sgow in 1844, But we 
have now come so near the [iresent titne that we may conclude 
the historical part of our task. ^ ^ • 

An interesting account of the development of the industry 
of “oleum” and of ordinary sulphuric acid in Austria is given 
by Martell in CJttm. fnd.^ 1911, pp.*205 et scq. 

General Principles of the Manufaitnre of Snip h uric Acid^ 

Sulphuric acid can be obtained on a large .scale in one of , 
two ways — viz., cither by burning sulphur or sulphides intb 
sulphur dioxide andfunthcy oxidising thti latter, or by decom- 
posing natural of artificially prepared siilph;ites. The latter 
process, apart ‘from sjvi'ral proposals so far not carried out 
practically, has*for^ long tiix;c past .served for* making fuming 
oil of vitriol, which will be treated in a special chapter; 
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ordinary ^ulphup’c a«id has always b^cn pbtaine*d by the former 
process, whmfi wil[ occupy us in*thc first instance. ^ 

By the coinbnstioh »f sulphur, either free (as brimstone, gas- 
sulphur, etf.) or combined with rnptals or with hydrogen, sulphur 
dioxide (SO.^),is always formed at first Sulphuretted hydrogen, 
even when mixed with as much as 70 per cent of inert gases 
(nitrogen), can be lighted like illuhninating-gas and continues 
burning without any difficulty:, aqueous vapour being formed 
at the same time as SOo. Brimstone ignites in the air at a 
temperature rather^bclow *300’ C. ; (i^id when once it has begun 
to burn, the Jieat,generateck raises the whole of the sulphur to 
the point of ignition, provided that sufficient air be [)resent. 
A dumber of metallic sulphides behave similarly : the most 
important of these for our pflrpose is the iron disulphide, FeSo; 
but here special prdcjution*s must be taken, so that the whole 
masc may be completely burned (roasted). In both cases, 
besides sulphur dioxide, SO.^, a little trioxidt (sulphuric 
anhydride), SO.,,*is always formed, and,* in the presence of 
watqr Of steam, also sulplfliric acid, SO^H.,, more or. less diluted 
with water. Moreover, an aqueous solution sulphurous acid 
in contact with air gradually changes into sulphuric acid. In 
60th cases it is, of course, the oxygen of the air vthich converts 
the SO2 into SO3 or SOjIL,; but this reaction at the ordinary 
or only moderately elevated temporature goes on far too slowly 
to be applicable for technical purposes. • 

There are two ways of increasing the velocity of the 
oxidation of sulphur dioxide. One of these, which is princi- 
pally applicable 'to flry^ gases and therefore leads to the 
preparation of sulphur trioxide in th^: anhydrous state, is the 
employment of catalytic coutact substances. We shall discuss 
this in a special chapter. • 

The secon'd way, which is exclusively applicable to the 
production of real sulpljfiric acid, H2SO4, is founded on the 
property of tjie acids of nitrogen to serve as cancers of oxygen 
from atmospheric air upon sulphur dioxide and water, the 
original ijitrogen oxicTe bein^ alwajis wfowned. This process 
will be explained* in fletail ^heq we \rcat t)f*the theory of the 
formation 0/ shlphuric aci<^* it is ealfed the lead-chaifiber or 
vitriol- chanilfer pr(^css. 

The reaction betweelT^rytrogen’ acids and sulphiSr dioxide 
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goes on only fn the jDrescnce of jyater ; md jve mu^t add *at 
once that, in practice, much mo^c water is nc^edecfotlVan suffices 
for t!ie formation of SO4H2; the sul|Dh\iric acid formed is 
therefore always dilute ^ and* must be *conce^itrate 4 for mosi 
purpostis. ^ ^ 

For some purposes the acid must also be deprived of certain 
foreign substances which grf into it from the raw materials and 
the apparatus ; and in such cas^.s the sulphuric acid has to be 
purified. 



CHAPTER II 

TIIK RAW MVTKRIALS ?)K THE SULPHURrC-ACTD 
MANUFACTURE (iNCLUTlJ^; NITRIC ACID) 

f. Natural SuLriiUR (Brimstone). 

Brii^iSTONE, owing to its being found in nature in the free 
state, has been known to iifankind since very ancie^it times. 
It is hardly necessary to poiht to its being noticed in the Bible ; 
it is also mentioned several times in the Homeric poems. The 
r Romans evidently obtained ijt in the same way as ie done now, 
by melting it outcof its mixture with tnarl, etc. The ancients 
empbycv^l it principally * for fumigating purposes, both on 
account of its 4isinfecting properties and at a religious rite 
(compare the well-known passage from the Odyssey, where 
Ulysses purifies his house after slaying the intruders), but also 
for many of the uses to which it is put at the present day, as 
for cleaning wine-casks, for dcstro),Mng fungus-growths in vine- 
yards and orchards, for plasters in skin diseases, for lighting 
fires and preparing torches, for cementing glass, for bleaching, 
for “ uiello ” work on metals.^ 

In modern timfts brimstone has been used for most of the 
just-mentioned purposes and for many ^others ; but we arc here 
concerned only with its .use for the manufacture of sulphuric 
acid. Brimstone is undoubtedly the i^lbst 'convenient raw 
material for this manufacture, and for a long time all the 
sulphuric acid of commereb, apart from Nordhausen acid, was 
made from it; but its use in this respect has* been almost 
entirely abandoned in most countries, and is not likely to be 
revived there, since irefn- pyrites, and^nwe tspecially that con- 
taining a few per cent.^of copper, and Xincblcnde supply sulphur 

^ I owe ther^e iJjstorical not4'%fo a treatise f)y Professor Blumner, of 
Ziirlch, in ihc ^Festsclt^ift r.iir Bconissmv^ der Bhi^/o^^en-Vers<immlunif 

(Zurich, 1887), pp. 23 rt 
12 



SULPHUR 


13 


for the above purpose, far ^norc cheaply th^n natural brimstone 
ever jan do. In spite of this, Brimstone is s^ill a 'principal raw 
material for the manufacture of sulphuric acid in America 
(where, however, it has lost ks former c?;cluMve sway), and it 
is also *ised to some considerable extc^Jt^in England for that 
purpose, but very little indeed in other European countries. 

As late as 1902 a large*l>rimstone acid factory was erected 
in Ireland without a Gay-Lussaoctovi'er {Alkak Inspector's Repoip 
No. 38, p. 50). ^ . 

According to Ouin^cke*«(Z. angezv. Chan.^ 1909, p. 2029) it 
cannot be said that recently brim*^tone has® bet^i more than 
formerly used for the production of sulphuric acid ; the production 
of Louisiana sulphur (sec below) is not increasing, and in Sicily 
the sale erf sulphur is meeting withVlifficulties. 

A somewhat considerable quantity <tot brimstone is also 
consumed in the manufacture of sulphurous acid, principally 
in order to«prcpare bisulphite of Jime for the manufacture of^ 
wood-pulp. * . c 

SHlphu}\\s an element whose atonlic weight is now assumed 
to be 32-07 (ox^^^en = 16). It is very brittle^ its hardness is 
from 1*5 to 2-5 of the ordinary mineralogical scale; its specific 
gravity is 2«o;* As usually occurring, it is semi-transparent at 
the edges and of the well-known bright yellow colour; at --50° 
it is nearly devoid of colour.* Its taste and smell are very slight. 
It does not conduct •electricity, but itself becomes electric by 
friction ; and it is therefore difficult to powder it finely, as it 
adheres to the mortar and ponllc. * , 

Sulphur melts at C, and forjjns if thin, light-yelfow 

liquid, which, on being ipore strongly heated, becomes darker 
and thicker; at 250"’ to *260" C. it is nearly black, and so viscid 
that it does not^run’gut when tlm vessel is upset; at a still 
higher temperature it becomes thinner again, keeping its brown 
colour and emitting brownish-red vaJ)ours. * 

Gulphur sightly volatilises already at ordinary temperatures, . 
as evidenced by its blackening silver in contact with it (which 
by some, howeverf is^at^ibute^ to tlfb formation^ of H^S). 
Moss (Abstr. CJ^nt. ^oc* 1907,* i;. p. 20) kept ordiriary roll 
sulphifr sealed up in#afi exhausted tube; aft^ twenty years, 
during which thne;^he tube#was kej3t in a kor^izoirfal position, 
a crystallftie sublirnate was observe_d**t*orter (Proc. Cheni, Soc,, 
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1898, p. 65) OfUd DeVar (/^roc Roy.^Soc.f 1865, p. 7) had made 
similar obr^rvations. The vapour pressures of sulpfyjr at 
temperatures below, fts boiling-point have been studied by 
Matthies (R/n's. ^Zscth\ vii. p. 395); H. Gruener {^Scicncc^ I 905 > 
p. 74; Z, ditir., 1905, p. 1907); later on by the same 

chemist in / /Iwcr. Chon. Soc., IQ07, pp. 1396-1402; Z. anorg. 

Ivi. pp. 145-1 Vf) ; ‘Ruff and Graf {Berl. Ber., 1907, pp. 
4199-4205). According to* the last-mentioned chemists the 
vapour pressure of sulpluy* is 0 002 ,mm. at 78”; o oi mm. at 
104" ; O' I mm. at 1^5'' ; 1 jnm. at ’ ; ^ind 10 min. at 245°. 

The boiling-pf)int of surphur at ordinary pressures is stated 
by llolborn and Griinoisen (Drude’s /Inn.^ IQOI, vi. p. 123)== 
444 V'; by Callendar {Proc. Roy. Soc., 1908, p. 329) = 443-58". 

. ) /< edifications ( ^ I Uo tropic * Conditions) of S ulphnr.-^S u I ph u r 
exists in difleieni aWotropic conditions. The a-modification 
fornTs rhombic crystals, •mostly pointed rhombic octahedra, 
whose physical j)roperties Jiave been described ^bove ; this 
a-modification is •that of which the br.ims*tone found in nature 
con^stsfand it is also obtained by crystallising sfilphur from 
its solution in carbon disulphide. Its spccific*gravity is = 2*07. 
Jhe /^modification is obtained by slowly cooling melted 
sulphur, and pouring off the liquid portion when another por- 
tion has crystallised ; it consists of long thin oblique rhombic 
prisms, belonging to the monoclinchiedric system, of a brownish- 
yellow colour, transparent, sp. gm 1-982 ;• they gradually pass 
over into the a-modification, completely so after a few days, 
even*at the ordinary temperaturefand suddenly by shaking or 
scratching. (BraiJns, kov^evet, as reported in Cheni. CbL, 1906, 
i. p. 8, kept a sample of monoclinic suljjhur for two and a half 
years, and lost it merely by accident.) The colour then becomes 
light yellow ; and the crystal.^ lose their transparency, but remain 
as j^eudomorphs of the /^^-sulphur. The sulphur in rolls con- 
sists, when fresh, of ^-sulpfmr — after a short time, of a-sulphur. 
When sulpliiir has been heated up to the poii^t of visco<;ity, 
and is then poured into very cold water, the y-modification is 
formed,;^*/., amorphous, soft, tough,® rejfclis+i-brown sulphur, of 
1*957 sp. g^r. ; thft is gyaSu^lly convefte^d into a-sulphur; 
but it takes ^orSe time befpiji^ this conv^ncion is complete.* The 
tough state* lasts •very mych longer if rcjsinftus substances, 
iodine, etc., are mixed the sulphur, qven in very small 
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quantity. This modi^atic^i form% part of tli^ “ flov/ers ” of 
sulphur (see below). 

Extensive investigations on tnis modi/ication, usually called 
“amorphous sulphur,” have biten made by Alexander Smitji, 
Holmes and Hall {Z.pJLysik, Chem., xlii. 469, ajid lii. pp. 602- 
625 ; / Amer. CheuL Soc., 1905, pp. 797-820; diem. Cbl., 1903, i. 
p. 274, and 1905, ii. p. 601) ; •Alexander ^ipith and Holmes (Z. 
phvsik. Chon., liv. pp. 257-293 ; J.%\mfr Chon, ^oc., 1905, pp. 979- 
1013) ; Al. Smith and Carsoji {Z.physik. Chon., Ivii. pp. 685-717 ; 
Abstr. Chon. Soc., 1907,^11. |f. *208) ; Carson (/. Amer. Chon. Soc., 
1907, pp. 499-517) ; Smith ‘and Erownlee i^.piys/k. Chem., 
I 907 > P- “^9) J Brownlee ( /. Amer. Chevi. Soc., 1907, pp. 1032- 
1052); Smith and Carson (Z. physik. Chon., xi. p. 661 ; Ahtr. 
Amer. C/nyn. Soe., 19 1 1, ii. p. 977). * 

We cannot go into details about* their, manifold results, and 
will only say that evidently several fo«ms of this “amorphous’ 
sulphur exis^ solid, semi-solid or pasty, and liquid, and that 
the “soluble” or “soft sulphur,” formed by precipitation from 
polysulphidop, is not amorphous, but cfystalline. ♦ , 

Further rescaiches in this field have bee^ made by W. 
Spring {Natnnv. Rnndsihnn, 1906, p. 494); Quincke {Ann. 
JVri'sik. [4], x.Vi. pp. 625-711); Domergue (/. l^harm. Chin*, 
1904, XX. p. 49^) , Raffo ( /. Sol. Chem. Ind., 1908, p. 747). 

Kngel {Conipt. rend., 189?, p. 866) found a new crystalloid 
modification of sulplxir and another modification, soluble in 
water. 

Sulphur sometimes appeani of a bine colour, which has been 
studied by Paterno and Mazzuchejli {(^he^n. Obi, 1907, ii, p. 1*1 ; 
Abstr. Chon. Soc., 1907, ii^45i). 

Ihe “dynamic allotropy” of sulphyr is treated by Kruyt 
{Z. physik. 6//^/;/.,n90(8;pp. 5 13- 561)* the changes in the viscosity 
of “liquid” sulphur by Protinjanz {ibid., 1908, pp. 609-621); col- 
loidal sulphur by Raffo (Z. Chon. InK.^. Colloide, 1908, p. 358). 

Solubility. behaviour of sulphur against water and 
aqueous solutions of acids and salts, in which “ colloidal ” sulphur 
is soluble to some ej*ten^, h«is beeil studied by several ^hemists, 
among whom we mention RlififaqcfGj^af (//?;;/. Bei’., 1907, p. 4199); 
Raffo (•/. Soc. Chem. Im\,^goS, p. 74^];^ Oden (ilmf., 191*1, p. 941) ; 
affo and Manckii (£heni, Cbi, 1910, ii. p. 1 129^; 1*91 i^ii. p. 1305). 
Under t)rdinary circumstances siiljilfilr is insoluble in water, 
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ver)^ little soluble ill alcoho-l and in'glyQerin, a little more so in 
essential TJic a- and / 5 -nlodifications are easily soluble in 
. carbon disulphide aru^, in chloride of sulphur. * 

* r — The action of sulphur on the fungus 

(Oidium Tu^l<pri) vv^i^ch causes the grape disease is by,MarcilIe 
dcs Sciences, March 20, 191 1 ; C/icm. Zeit., 191 1, AV/., p. 426) 
ascribed to the sulphurous ancf' sulphuric acid adhering to 
various forms of sulphur! il^his explains why the action of 
resublimed brimstone in that respect is strongest, while the 
ordinary descriptions of sublimed <’iind^ ground brimstone con- 
tain only Q01-Q.02 per' cent. 'H,SO/ and arc less efficient. 
Marcille therefore recginmends introducing gaseous SO., into 
the''condensation chambers for sulphur, intended to be employed 
against the Oidium. 

Demolon {Conipt. ‘191 3, p. 524) observed that sulphur, 
e.g.An the shape of spenUoxide of iron from the purification of 
coal-gas, if used as a fertiliser, had a beneficial infiuence on the 
development of c^ilorophyll. 

The. action of sulphur against skin-diseases «can be only 
alluded to hertj. 

Conibinaiioii of Sulphur zoith O.vjgcn. — On heating in the 
presence of oxygen or gaseous mixtures containing it (air), 
sulphur inflames. According to Moissan {Con/pfes rend, cxxxvii. 
(^903)) P- 547)) solid or liquid sulphur inflames at ordinary 
atmospheric pressure in oxygep at 282', in air at 363°. A 
mixture of sulphur vapour and air inflames already at 285^ If 
the air contains SO^, the inflamir'g-point is much higher; with 
5 ‘per cent. S6> itps_445'; with lo per cent. SO.. : 465". 
The slow combination of S with O co/nrnenccs at a much lower 
temperature ; it is quite, sensible iit 100^ within twelve hours, but 
goes on very slowly alreadyaat ordinary temperatures. 

J. Rutherford Hill (Che/n, News, 1907, xcv. p. 169) states 
that in 1890 he had fouiid the inflaming-point of sulphur at 
ordinary atmospheric pressure = 248". He criticises Moisean’s 
process and the figures found thereby as not correct. 

Fried/ich {Chem. ^CbL, 1969, ii. pi3i6) found the inflaming- 
point ot sulphur, in oxygen = iyp'", iir air = 546''. ‘ 

Kastle ^neP M^iargue CJmjI J., 1907, xxxriii. pp. 

466-475) found (that wlien sulphur bu^ns «in oxygen at 
atmospheric pressure, •about 2-73' per cent, is concerted into 
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SO3; when burning in^ir, about 7 ger cent.*of tfae S forms ^SOg. 
The humidity and the presence of COo has Jittle^yfluence on 
the proportion of SOg formed, but nitro^eh acts considerably, 
probably as a carrier of 0 to SDgjCvidently.beiwg itseJf oxidised 
in the fii:st instance. ^ ^ ^ 

M‘Crea and Wilson {Chcni. News, xcv. p. 169; xevi. p. 25) 
found the inflaming-point oP§ulphur = 26^^ Already far below 
this SOo is formed. %• * * 

Sulplnir burns with a pgrplish-blue flame. In forming 
sulphur dioxide (SOo) it gites out 2221 metrical units of heat 
per gramme of sulphur. More exactfy, according J:o Thomsen 
{BerL Ber., 18S0, p. 959), the heat eyolved in burning the 
different modifications of sulphur, expres.sed in atomic caldties 

(that is, ayplied to 32 g. of sulphur)*, is: — 

• • 

S (rhombic, octahedric) -f/ipSocal. 

S (monoclinic) . . . -fO., = SO.,= -f 71,720 cal. * 

• . 

Hence the conversion of. 32 parts by weight (^f monoclinic into 
rhombic sulyhur is accompanied by tin? evolution of 640falo/ies. 
Jkrthelot, howevei* {Coniptcs raid., xc. p. 1449), ^states the figure 
for octahedric sulphui^= +69260 atom. cal. = 2164 g.-calories. 

Hydrogen Ct^mbines with sulphur very slightly at a tempera- 
ture of 120°, VM‘y sensibly so at 200". On boiling sulphur with 
water, hydrogen sulphide is ovolved and sulphuric acid is found 
in the residue (Crosi* and Hoggin,/. Chan. Soc., xxxv. p. 249; 
cf. also Colson, Bull. Soe. Chini. [2], xxxiv. p. 66; V>o\\mJa/iresber., 
1883, p. 225). t 

Comnicrcial Descriptions of SulphnD—T\\c^s\\\p\mx occurring 
in commerce as refined spilphur, in rolls or as rock-sulphur, is 
frequently almost chemically pure. Flowers of sulphur alw'ays 
contains a little 9ulph\irous acid, alio some sulphuric acid, per- 
sistently retained in spite of prolonged washing; this form owes 
its greater efficacy against diseases •of the vine (oidium) and 
othor cases principally to this property. 

0 , Roesslcr {Arch. Pharni,, 1887, p. 845) states that sulphuf 
in rolls is practical^ fiite /rom a'cids of*any sort. Flowers of 
sulphur contam a flomewhsft consfderablc*c^uanUty of sulphurous 
acid (foo g. up to 3'^4t c.c. of St).,), whicli may be partially 
oxidised to sulphur^p acid ; ^hiosulptluric acid i:f nol^found in it, 
but in milk of sulphur (up td 0*15 per^^it.). 



18 


HAW MATERIALS 


'Natural 0 ^ttii%^ncc of Sulphur, 
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Sulphur occurs in nature in very large quantities, both*in the 
free state and in/^:onj\vnation witji other bodies as sulphides and 
sulphates, pepositg of sulphur are forming at the present day, 
especially in volcanic countries, by the decomposition of sulphur- 
etted hydrogen and of sulphurous* acid. 

Daubree {Coiuptes r67/^/.,f^ci,i ^p. lOi) noticed a recent formation 
of sulphur in the subsoil of Paris, /rom the action of organic sub- 
stances on sulphates ; ancf the sam« 4 iction has been observed in 
many mineral springs, where it* is espJcially attributed to the 
action of Algm, such as Bcgo^iatoa, OsciVluriu, and Vlothrix 
{Cofdptcs rend,, xcv. pp. 846 and 1363). 

But of far more consequence are the beds of sulphur deposited 
in former geological period^?. The most important of all are 
those of Sicily, in the cli^lk. The Sicilian sulphur industry is 
^.described in detail by Angelo Barbaglia in Ilofm^inn’s Official 
IJeport on the Y)i^nna Exliibition, i. p. *144, (and by Parodi 
ilii/q, p. 358). ^ ‘ ^ 

P'urther descriptions of the Sicilian sulphur industry are 
found in the Chcni. Zeit. of 1882, pp. 1589, 1405, 1421 ; also 
fn Z, (Xfigciv. Chcni., 1890, p. 56, in tlie /. Soc. CUcni. Ind., 1S90, 
p. 1 18; by Bechhold, Z. angciv. Chcni., 1894, p. 33; by Frank, 
ibid., 1900, p. 843 ; by lungfleisch (^Monil. Scient., 1901, p. 511) ; 
in Chcni. Trade J., xxxv. p. 92 ; by Jkului {^Qicni hid., 1910, p. 64). 

Probably the most exhaustive description of the modern 
Italian sulphur industry is that given by Aichino, in Mineral 
Indii.dry, viii. p. '592, and by Phelen, in Min. Rcss. Unit. States, 
1910, ii. p. 785. * • 

The principal Sicilian sulphur disfricts are near Girgenti, 
Cattolica, Licata, Caltani.sctta, Racalmuto, ZoUari, Committini. 
The sulphur region has an extension *of about 100 to 500 
miles from east to west,* and 55 to 60 miles from north to 
south. The sulphur beds belong to a number of, small owqers, 
part of them being let to undertakers, and th^ methods of 
extraction arc kept greatly behinc^ l^y tjie lack of intelli- 
gence and capital cau.scd thereby.* Th« men 'work partly 
in the sulphur cmihcs, and partly in t^i^r own 'vineyards, etc. 
In 1904 the^j-e vVer^^ about* 400 mines, large^and small, of very 
different degrees of efficloj^y. TheS^res found there sometimes 
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contain up to 70 per^ ceift. sulphi^r ; button .the aMcra^e the 
“richest ores” contain 30 to 48 per cent., tli^ “ritflVores” 25 to 
40 per cent., the “ middling ores” 20 t<t ^5 per cent. S. The. 
first class yields 20 to 25 ptr cent., the iseccnd ii| to 20 per 
cent., the third 10 to 15 per cent, saleable ^ulphyrp Ores below 
8 per cent. S do not pay for working. 

According to Frank {loc\ cit.) the to^^l stock of sulphur in 
Sicily, as far as it has been hil^J'X'rtu proved^ is estimated at (j 5 
million tons (former estiinate« speal^ only of lo or 20 million 
tons). 

The first quality of Sicilian sillphur (puima. Lercara ^ or 
prima Licata) is of a fine amber colour, in large shining pieces, 
and docs not contain more than i per cent. ash. The sc'cond 
quality (ieconda vantaggiata) is ^till fine yellow, but not so 
shining, with ash up to 2 per cent. ; *thc tlWrrl (ter/, a vantaggiata), 
which is that generally used for sul[)l>uric-acid making, cotUains 
up to 5 per cent, ash and is coloure([ brown, partly by bituminous, 
substances, partly by amorphous sulphur. <> 

The folkjwing are analy.ses of Sicilian brimstone, Joy Mene 
(probably “ best thirds ”) (JAw/V. Scicfit,, 1867, p. 400) : — 


Siilfiluir soluble in CS , . 

96-2 

92.1 

92.1 

91*3 

90*1 

90-0 

887 ‘ 

Siil[)hiii insoluble in CS.j. 
Carbonaceous natter 




1-5 

2-0 

2-1 

17 

0-5 

I-O 

M 

0-7 

I-O 

i*r 

I-O 

Sand 

Limestone anti birontiiim 

1-5 

2*3 

2-8 

3-3 

2'3 

2-8 

5-5 

sulph.iie . . •. 

1-8 

t 

’ • 4n 

3*0 

2-5 

4.1 

3*0 

' 2-8 

’I'otal 

1 00 >00 

cr. 

C^ 

1 

99-0 

99-3 

99-5 

L 

99.0 

i) 9‘7 


Ihe average price of jsulphur in Sicily in 1881 was 115 lire; 
in 1882, 105 lire; in 18^7 only 69 lire (^say £2^ 15s.) per ton. 

A re[)ort by the Italian Ministw of Agriculture for the year 
1894 {Chein. I mi., 1895, p. 182) describes the depressed state of 
the Sicilian sulphur industry. 

in 1896, by the formation of the Anglo-Sicilian Sulphur 
Company, working with English capital, the Sicilian sulphur 
industry was at last#[)la«cd«on an economically .sound Joasis, and 
at the same time* the ruifious^cut^ing cfqwn «f prices ceased. 
k)uring 1900 the average? price for*‘Jocst thirds ”Va§ ^3, 13s. 6d. 
per ton fo.b. Ccftanki. 

‘ The ^etcara mine is no\v c^liaiiiled (191 1). 
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The figures for Portugal include Spain from 1904 onward. The quantities for a number of years previously to the above are given m our second edition. 
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In the year igo&theVhol.e erf the SicOian trinfttone pro- 
duces were compelled to join the “ Consortfum f 5 /the Sicilian 
sulphur industry” for twelve years; j-Ss'per cent, interest on- 
the capital being guaranteed by the StAte.Vvhiclf nominates 
the general manager. * • • 

The Sicilian sulphur industry has, of course, been extremely 
damaged by the enormous developmenUuf the Frasch process in 
the United States (see below). NUetails on this point are criven 
m the speech of Mr Frasgh on the ^presentation to him of the 
Perkin medal, reported in/. Qcn. S^c. hul, 19.2, pp. ,39 ct sco. 

The table on p. 20 show.s the exportatioits of .sulphur from 
Sicily from 30th June of one year to 30th June of the next 

The German Consulate at Palermo (Z. ar.^eiv. Chcm.S^%^ 
p. 1946) makes statements concerning Sicilian sulphur, to which 
we append some more recent statement.s* 


[ Yoar. 

j ]|iO(lnction 1 

— - i 

rCxitortation 

- __ 

j _ 

I’lOdUctlOM. 

• 

Kxi)ortaLion. , 

! 1902 

! 1903 

1 1904 

1 1905 

1 1906 1 

I Tons j 

,503,356 ! 

536,044 1 

499, 3 i 

538,354 I 

47^1,190 

•Tojis 

467,319 

475,508 

475,745 1 

456,260 
401,627 1 

1908 j 
1 1909 1 

; 1910 

^■'on.s. 

' 399,672 

413,580 
40%354 
395.836 

Tons. ♦ 

^341,951 

375,073 

364,901 

395,959 

• 


. In 1909, ST70 per cent, of the Sicilian sulphur was obtained 
in ovens 2 -jh per cent, in'calcaroni, 9.94 per cent, by super- 
heated steam, 0-88 p^r cent.Jpy other methods. Campania in 
909, pioduced 40,29s, Calabria 38,553, Siena 3091 tons sulphur 
Ihe total production of sulphur in Italy (including the 
Romagna, etc.) has been ^ 


Year. 

T<»is. 

r 

1901 • 

•554,096 

I ' 

1902 

^30,938 

1 

1903 

545.030 


1904 

519,255 


1905 

559,967 

1 


Yoar. 

» 1906 
1907 
1909 
I^IO 


Tons. 


491,942 

420,000 

435,060 

430,360 


'908. P- 14.S) says that the percentage o*f 
in his”*^ greater thiy* is usually stated, and 

than hc,id made. 4 ogt there fosts ong-third less 

on thb,poorer ores* should be used 

shall see ^ the richer ones exported to Anjerica. [We 

e ow th^t it is too late Sof such proposals.] Bruhn 
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{Chem. Z^t., 1^08, p*457) d«cidedly 6bjc<»ts to Oddo’s opinion 
on the pos^iibility«of Sicilian ore competing with pyrites^; cf, 
-also Z. angciv. 67/£V//^,V 1909, p. 560. Another paper on this 
subject by Oddo fippfcjfrcd in 19A3 {Gazz. Chim. Itai, 1910, pp. 
21 7-312 ; abs^cract mtJj^Soc. Chau. lud., 1910, p. 624). 

Northern Italy formerly yielded a very large quantity of 
brimstone, especially tj>e Romagna ; but many of the beds are 
now exhausted. The productft:f[i decreased from 23,274 tons in 
1886 to 21,663 tons in 188;^, and 3 1, 2^)9 in 1901. It was 21,926 
tons in 1907, 25,105 ^n 1998, 23,068 In 1909. The whole of this 
brimstone is <^ised<>for inland consumption, as a remedy against 
the vine-disease. • 

:^ulphur containing selaiinni is found in the Li pari Islands 
and near Naples, but not in quantity. « 

In many other paKs of the world deposits of sulphur have 
been found, but, with excef4ion of those discovered in the United 
' States, they have made as ye^ no impression on the solphur trade. 
The more irnportaTit of these sulphur-minc.s*are the following : — 
The Kingdom produces no native brimstone, but 

only sulphur recovered from alkali-waste wAh which we are 
not concerned here. According to the Annual Statement of 
the Trade, etc. (“ Rluebook ”), for 1910, the follow*ing (quantities 
of brimstone were exported and impe^rted, stated in cvvts. : — 



JOOO 

I'lO, 

I'KW. 

« 


I'JIO 

1911 . 

E.x ports . 
Imports . 

82,445 

$09,650 

c 

51,889 

346,854 

^ ♦ 

44,;332 

385,442 

41,877 

417,509 

43,627 

403,438 

418,700 


Andalusia produces sulphur, some of which is refined in 
Almeria. 


In Germany sulphur has been found Sta!;sfurt (BerL Her., 
1899, P- 192) and in Upper Silesia, near Ratibor, where beds up 
to 20 ft. thick exist {Cheyi. I ml., ii. p. 136; Fischeds Jahresber., 
1^882, p. 223.; Gottstein, in Chan. Zeit., 1907, p.‘ 26(9). Itdias 
been worked by extracting it from the ore by means of carbon 
disulphicje. , ^ ♦ l 

The prf)ductiun of sulphur ii,-> Germany, as indicated by the 
official statistics^ docs not diUinguish between natural sblphur 
and that whk:h is r<?covered ip the Leblanc prece.s.^. It amounted 
in 1897 to 2317 tons; in 1^898 to 1954 tons ; in 1899 to‘i 663 tons. 



23 


• NATJJRAL OCCURRENCE OR StjLPHUR’* 

. 

In 1899 the impoj;tati(»n was ^,196 tcfns;jn 19^0, 40,689 
tons;^in 1901, 32,750 tons; ifi 1902, 27,1^6 tow?^; in *1909, 
42,941 tons; in 1910, 46,776 tons. The exportation is insignifi- 
cant. Most of the sulphur ic employed Vheje for .the manu- 
facture of “sulphate paper pulp” from wo(^d. ^ 

In Austria, at Swoscowicc near Cracow, an old sulphur-mine 
exists which for some yearS^was carried^on with great vigour, 
the sulphur being extracted froir? the marl by means of carbd!i 
disulphide. This bed is now practically exhausted, and the mine 
has ceased working (Wa^J^er’s JaJircsbcr.f 1878, p. 333, 1879, 
p. 272; I'isclicr's JaJircshcr., ic^85, p? *204). 4 lar^e deposit of 

native sulphur is reported to have b^en found in the Borgo 
Alps, in Transsylvania {CJicni. hid., 1903, p. 147). • 

In Gixccc, on the island of Mil( 5 , sulphur-ore is found which 
is used in the raw state for dusting the yifies ; about lOOO tons 
per annum are extracted as pure briiijstone. 

possesses considerable stores of sulphur. A bed of 
briin.stone has beeit found by dluschkoff ^in the Astrachan 
Governmet^, on the ea.st bank of the*B<iskuntschak sa^t-sca ; it 
is a mixture of smidy rock with 30 to 35 per cent, of pure sulphur 
{bischcds jahresber., 1 884, p. 264). I n West Siberia considerable 
beds of sulphur are said to exist. In the Vistula district •a 
sulphur-bed being worked at Czarki, which in 1883 yielded 
60,000 pud. In the sandy sipeppe of Karakum a large number of 
conical hills have be«n disco^^ered consisting of sulphury rock of 
50 per cent, {t Jicvi. Zeit., 1884, p. 478). In the north of the 
Caucasus, in the Grodno district, sulphur has been foupd by 
Baron fleyking {Chein. Zeit., 1887, p^ i6jo). According to 
Chcin. hid., 1892, p. 443, sulphur is obtained at Tschirkat in 
Daghestan to the extent of 300,000 pud (at 40 lb.) per annum ; 
the selling pric^ was* then m 8 roi*bles per pud. 

According to Chem, Zeit., 1894, p. 2002, a large bed of brim- 
stone has been found in Tran.scaspifi, 60 versts from the pfirt of 
Usun-Ada oi> the Caspian Sea, only 2 versts from a railway-line. 
The bed is just below the surface of the ground and is work(?d 
by open quarry ingji 'She# ore cGntains from 35 to ao percent. 
sulphur, and'eost^ 20 to 2r5 copdks at Ufun-A/la. If fhe results 
expected were realijefl, Russia* would tfecomc Entirely in- 
dependent of* SiCiilian sujphur. Vossibly * tffis ^ the same 
occurrence which js reported iny^v.V<^T Chem. hid,, 1900, p. 867, 
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as “the i;ichest jn tHe worlds” lOO mfles Jrom Khiva, extending 
over 23 sqvjare m^les, but nothifjg has been heard of it since. 

In Turkestan^ n^rt^i of Aschabad, according to Chem. Zeit., 
1912, p. 766, theisuljjhur beds c:*isting there are to be worked 
by a newly £or;Ticd (^'ompany. 

Chonski {Chem. Zeii. Rep., 1895, p. 41 1) reports on the 
production of sulphur^ which, he sfij/s, has been tried in several 
places in Russia,, but has beenr- everywhere discontinued. He 
enumerates the drawbacks connected with the various methods 
for extracting sulphur from the raw'ore.^ This paper should be 
consulted b}^tho5e who consider any newly discovered vein of 
sulphur-ore as being eqyal to ready money. 

According to and Min. World, 14th October I9ii,the 
Caucasus and Trans-Caspiail beds are not worked bocause the 
Russian producers 6f, sulphuric acid, on account of the high 
cost of carriage, prefer to |ise foreign pyrites. 

Cf. on Russian brimstone, also Z, ani^eiv, Chem., 1897, 
36; Chem. /A/rf.^1898, p. 241 ; Niede;ifiihr, Chem. Zeit., 1897, 
No. 30 ;,Machalski, P.}ig. hnd Min. J., Ixx. p. 216; Chem. Trade 
1900, xxvii. p.^ 220. * 

Brimstone is got near Mossu) in Mesopotamia, near Cairo, and 
ii*i Tunis. At Djemsah and Ranga, on the coast of the Red Sea, 
the “ Compagnie Soufriere ” is said to get 300 tons monthly. 

Very large quantities of sulphurc arc said to exist in Iceland, 
even more important than those iq Sicily ; 4 ;hc deposits at Guld- 
bringe Sysscl, in the south-west of Iceland, were some time ago 
at work with satisfactory results {Chem. Ncivs, xl. p, 31). 

Japan possesses very large stores of sulphur, but the absence 
of facilities for increasing its* output and for shipping it has 
hitherto very much restricted the development of the sulphur 
industry in that country. Formerly (cf. */. Soc. Chem. hid., 
1890, p. 344) there was only one place where sulphur was worked 
on ^ somewhat considerable .scale, namely Atosanobori, near 
Kushiro, on the south-east* coast of the island in which the jx)rt 
of Hakodate \s situated. The Atosanobori mine is part of an 
extinct volcano, whose *crater ^nd sli^pci arp partially covered 
with a ^o-per-cqpt. sftlphur-ofc. According* to * the lowest 
estimate tMs mme ‘contains*^ million •t^ns of good ore, but 
there is prob^bl}^ fiye times Ss much^ The (^tp«t in 1905 was 
about 20,000 tons perarfi^^m*; the ctost of the sulphur free on 
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board at Kushiro wa» th 5 n aboute £i, los, i€d. bi?t it. has 
hitherto been shipped from Hakodate, where fit co5t^;£'2, 3s. 2d. 
per ton in 1900, which is not rcmunerath^/ In 1905 the price 
was from £3, 2s. to £3, lOs., acc*t)rding to quhlit^. Tl’ft; exporta- 
tion was 1541 tons in 1885 ; 4972 tons ijg tons in 

1887; 3609 tons in 188S; 15,700 tons in 1895; 14,435 tons 
in 1900; 10,705 tons in 19^1; about «i.5,ooo tons in 1905; 
33,600 tons in 1907; 33,700 f6i\s *in 1908.* The shipments 
generally go to San Francisco.* Ordigary Japanese sulphur has 
a greyish colour, , ^ • 

Apart from the ordinary sulphfir, which* sometimes con- 
tains traces of selenium and tellurium, there occurs in Japan an 
orange-red variety, containing 0-17 per cent. Tc, o-o6 Se, 5 -oi 
As, traces* of molybdenum and earthy matters (Divers and 
Shimidzu, 67 /r;//. IVcws^ No. 1256). • 

A considerable source of sulphur hm been discovered on -the 
volcanic island of Etrofu, about halffWay between the northern 
extremity of Japan and Kamschatka. In 19CIO already 10,000- 
tons sulphiir*were mined, and it is expected to reach ^0 tons 
per month (/. Soc.^Cfiein. bid., 1901, p. 300). % 

A small island belonging to Nc^io Zealand, evidently the 
crater of a huge submerged volcano, which contains large 
deposits of sulfjhur, has been described by MTvor [Cheni. Nctvs, 
1887, Ivi. p. 251). It will prol)ably be very soon submerged as 
well. One thousand six hundred and ninety-two tons of sulphur 
were produced in that colony in 1900. 

Enormous quantities of sul^^hur exi^t in the Unded Stairs of 
America, but in many of the localities, where “sulphur deposits 
have been found, these have not yet been worked at all, or the 
working has been given up after a period of unsuccessful efforts 
for overcoming tife difficulty of extfacting commercial sulphur 
from the raw ore, or on account of the distance from the plages 
where the sulphur can be profitably ut^ised or sold. In 1908, 
as reported iMineral Reso/ores of the United States for 1909, 
p. 686, sulphur was commercially produced only in four States 
of the Union, e,g, im Lcjiisfena, Nevada, JJtah, and UJyoming. 
Sulphur has also been* found in Texr^s. Ttwc ^olorado^ Sulphur 
Com parly ceased workitf^ in I9(3t^ so that *thi8 state is 
now excluded ffom#the su]j:)hiir-pr^ducjng states. • As here- 
tofore, the bulk pf the 'output, sulphur came ffom 
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Louisiana ((^'akasicu Parij^h), owing to fthe constant extension 
of the P'raffidi process, to be described later on. The production 
of Utah and Wyo^mtng had dccrca^-cd to some extent. The 
Utah deposits ^rc Xttown as thfc “Cove Creek beds,” and are 
located neaf Black Rqck Beaver County. In Wyoming sulphur 
is mined near Cody, and near Thermopolis. In Nevada the 
^proprietors of the C(^\4e Creek mific started in 1886 the working 
of sulphur by Sickert’s prdcfss (sec below), but only a few 
thousand tons per year a|;c got ther$?. 

The most interesting and importapt deposit of sulphur is 
that discov*"red *111 1902 fn the Grand Gulf Basin, near Lake 
Charles City, in the parish of Calcasieu, State of Louisiana. 
TvW) wells have been bored at different localities, which struck 
sulphur at a depth of about 450 ft. The first a»d thickest 
bed <‘f sulphur is tr«>m i (58 to 112 ft. thick; in the northern 
portion of that deposit tdepths of over 500 ft. of sulphur have 
been reached. This layer contains near the top (#2 per cent, in 
-the centre 90 po»; cent of pure sulphur. * One of the wells has 
been ctyiitinued lower down, and proved the existence of several 
smaller beds of# rich brim.stone-ore, and several hundred feet of 
gypsum containing sulphur ; in the other well no gypsum, but 
calcareous substance containing sulphur is founcT. The working 
presents a difficulty, as there are several hundred feet of quick- 
sand on the top of the brimstonc'beds, which is, however, over- 
come by the Frasch process, to be described below. Details in 
the n.ng. and Min. J., 1904, 13th Oct, and in Chein. Trade 
xxx*v. p. 395. . * 

In 'TexaSy ifi thf yalley of the Brezos River, S.W. of 
Galveston, a large deposit of sulphjir has been found, which 
is to be worked by iM,cssrs S, M. Swenson & Company, who 
had for this purpose bought? 10,000 acrc§ of lahd. 

^The following statements on the production of sulphur in 
the United States (see^ Table, p. 27), and on the importation 
from abroa^J into the States are taken from the various volumes 
of the official Mineral Resources of the United States. The 
figures ^enote “ long*tons” (5240 ll>i=<oi^.-648 kg.). 

The sudderi’and.momeptbUjS inefease of *the production and 
decrease of the importatj( 5 n of pyrttds since the year 1904, 
testifies to*the sutcess of the Frasch procf^ss fbr the extraction 
of sulphur from raw ore*4p..30). 
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The exportation in J909' was 37.^,142 ton^; ig 1910^ 30,742 

tons. ^ > ’ ■ 

In British Columbia^ on the Skeena Ri\'«r^, a large deposit of 
sulphur has been found, and It was expebtcd> to sL\,pply the 
Puget Sound Country, and eventually the^v\^hole Coast, 

from this source (/. Soc. Chem. hid., 1901, p. 1040). 

Sulphur is found also in r^cjiy other peaces in America, e.g. 
in the volcanic regions of EcuaPoT iind Mexico, at Chilian in 
Chili, and elsewhere. / , 




Year. 

Production, 


linpoitaticu from Ahroa,!,, tons. 


Tons. 

Crudo 

Sulphur. 

Ho we r 8 of 
Sulphui. 

Kolined 

Sulphur. 

Total, j 

1891 

1,071 

116,971 

200 

" 10 

1 17,187 

1892 

1,630 

100,938 

158 

26 

101,122 

1893 

1,200 

107,601 

241 

41 

107,885* 

1894 

e 44 i 

124,467 

165 

41 

124,673 

1895 

1,650 

125,950 

58 X 

229 

128,410 

1896 

3,800 

I45,3'i8 

206 

44; 

146,430 

1897 

4,690 

138,8^6 

158 •' 

148 

13^,313 

1 898 

2,726 

159.790 i 

241 

163 

1 160,460’ 

1899 

I.S65 

140,841 

165 

184 

141,361 

1900 

4.^30 

166,457 

581 

142 

167,328 

1901 ^ 

6,8^7 j 

174,194 

748 

262 

175,104 

1902 


170,601 

738 

14 

171,453 

1903 

34k‘.96 

188,990 

1,854 

160 

191,004 

1904 

127,2 !2 

127,996 

1,332 

163 

129,491 

1905 

181,677 

82,961 ' 

572 

779 

84,312 

1906 

294,153 

•72,404 

1,100 

700 

74,204 

1907 

293,106 

20,399 

' 1,458 

606 

22,463 

1908 

369,444 

19,620 

793 

693 

21,116 

1909 

239,312 

28,800 

28,656 

770 

966 


1910 

255,534 

1,024 * 

1 

1,106. 



It has long been knovt'ii that the crater of the Popocatepetl, 
in Mexico, contawis large quantities of brimstone ; and a rail- 
way has been projecteef in order to get at it. In the year 1884 
an annual production of 50,000 tons of brimstone was expecL'ed 
to bogin with, jyid vitriol-works were to* be erected all along the 
line {FiscJieds^Jahresber., 1884, p. 265). I^ut a Visit of two-* 
American engineers^ repprt^d in Eng, and Min, 1904, Ixxvii. 
p. 730, disclosed the facf that the*producl'ion of new sulphur in 
that crater is only 120 5).#in a montjf! ! * 

The quantit)* of ^ulphur in LoweP Califorqja (Alexico), about 
50 miles from the U.S. fronfier, was ^s^nvated in 1911 at several 
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miyion*' toi\3, of which 6(i,ooo tori^ of*45 per cent, ore are in 
sight. Thfc rock is so soft that it can be won by the jjick-axe 
and spade. At pfeVnt the bed is not worked. 

In Z\ angi^iK Ckcm.^ 1912/p. 366, a report is made of an 
enormous ^ad of sujiphur near Cerritos, in the State San Luis 
Potosi, which is stated to be one of the richest in the world, and 
to furnish 800 tongi^of refined ^sulphur per month. The bed 
begins 20 ft. under the ‘sutffice of the ground, and has been 
proved down to 190 ft.,^ut it s€en]s to extend “infinitely far” 
below. The ore c^mtains from 3/^0 90 per cent, pure sulphur ; 
one-third it hs consulted in the country ; the remainder is 
exported to Germany* Another, much smaller, bed exists at 
Vdnado, in the same State, it forms a layer 10 ft. thick, just 
below the surface, and fuhiishes 3 or 4 tons sulphur ore per 
day. ‘ « 

• On the island of Saha, one of the Antilles, there is a bed of 
brimstone, yielding on a^i average 45 per cent, of sulphur, 
which was work«?d for some time, but ha*d to be abandoned as 
not paj^dng the expense polyt, J,, 1886, cclix>. p. 43). 

In Chili brimstone is found at a height of from 12,000 to 
13,000 feet above the .sea. The mine.s, which were started in 
September 1900, by an Iquique Company, arc 54 miles from 
the nearest railway station. The product is said to be of very 
good quality ; it is used in 'the provinces of Atacama and 
Tarapaca for the recovery of iodine, and for making blasting- 
powder for the nitrate works. This seems to be the Taltal 
deposit mentioned in a Consular Report, quoted /. Soc. Chem, 
hid., 1901, p. 1^39- , In iqoi, the working was stopped as 
being at present unremunerative PZ, nngcw, Chem., 1901, 
P- 1243 )- 

In Venezuela large beds of sulphur Ji'ave been found, 20 or 
30 miles distant from the coast, with which they arc to be 
:onnected by a wire-rop/llne. The beds are to be worked by 
the Deutscji-Vcnezolanische Schvvefelgruben A.jG., at Cotegne. 
It is stated that the ore averages 62 per cent, sulphur. 

As reported in Cfiem. T^ade /.,• \J\2, 4. p. 151, very large 
leposits of sulpkur o/e, con^ainijig about 65 per cent, of sulphur, 
lave been disc*ovcrcd in Soifth Africa,®btit no p’articulai^ about 
his are gi^en.* • ^ • 

The world’s production pf sulphur for ^ome years is stated 
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in the Mineral Resource, e/f., 1906, ^ 1106, in n>etnc tens j^at 
1000 k^.)) as follows * • • • 


Country. 

1904 . • 

# ^ 

1905 % • 

^90G. 


Tons. 

Tcii.s.* 

f*'. 

Tons. 

United Slates . 

129,329 

184,584 

298,859 

Austria .... 


1,700 

4,579 

Chili .... 

3,595 ^ 


4,000 

France .... 

834 ^ ' 

740 • 

789 

Greece .... 

1,224 

1,126 

1,200 

Hungary .... 

•143 

• US 

140 

Italy .... 

, 527, !63 

568, 92;^ 

499,814 

Japan .... 

25,587 1 

.*24,419 

24,000 

Sjiain .... 

2,232 

2,285 

• 2,263 

Sweden .... 

35 ; 

• •• • 

1 


Tc4al 

692,684 

• 787,426 

832,644 

- 


-• — 

• 



In this enumeration Germany and Ru^ia are not mentioned. 
The former produces about 1200 tons, the latter about 500 tons 
of native sulphur. • , ^ 


No notice js taken in the above talfle of the produc^ion^of 
sulphur from alkali waste and other sources^ by chemical 
[irocesses. 

A new use* of sulphur, according to the CJiem. Trade • 
/, 1911 (vol. Xiix. p. 497), is that as a fertiliser; it acts as a 
disinfectant, and is absorbed iy the fibre of the plants. 

* • 

Ma}iiifacture of Coniincrcial Sulphur from Native 
Crude M rims tone. 

The old Sicilian “calcarone” m^Tho^l, ^eserFbed in all older 
text books, need not be described here, as it is now obsolete. 
On p. 18 we have quoted the books in wlych the former Sicilian 
methods are described *y detail ; hei^ we shall treat only of the 
more recent apparatus used for the purpose of obtaining coij- 
mcrcial sulphur from the raw ore by fusyig. 

In*rcccnt yejrs the “Gill kilns” have rapidly gaiiyed ground 
in replacing the calcarone methods, and they increase the out- 
put of sulphur by 50 per Jenf These kilnj consist of oven 
covered by a cupola* calRd a “cylf”; inside t^iefc is a smaller 
cupola, ithin which a cai:^firc is buili^ng. Each cell holds from 
5 to 30 cub. metres oftere. There are^enerally^six ceHs working 
in an angular battery. The*gases geiferated in the first cell 
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pa?s by lateral channels iioto the n6xt ; thy the time the fusion is 
completefd^ in the first cell, the contents of the second ^cell are 
already heated up‘^d»thc igniting-point by the gases, and so on. 
The gashs hea'^ilytkarged witlf sulphur are not lost as in the 
calcarone ^method « Jjie yield is much larger, the time shorter 
(three or four days for each cell), and as the quantity of smoke 
is much less, the w<ork can bo^ continued almost all the year 
round without (danger to‘the 'crops. In i888 there were only 
365 cells in 40 mines, inri894 the ivumbcrhad increased to 1821 
cells in 225 mines* that js over tw^-thifds of the total. 

E. F. White**(/i;/^''. W/ Min. Ixii. p. 536) extracts sulphur 
from sulphur-ores by passing the latter downwards between two 
conical steam-heated vessels, where the sulphur is fused and 
runs out at the bottom. * ‘ 

De la Tour de Kreuil \Coinptes rend., xciii, p. 456) employs 
a 66-per-cent, solution (^f calcium chloride for the same purpose. 
C. Vincent recommendse this pr(xess {Bull. Boc, Chini., xl. 
p. 528), « ^ 

• Walter, in Milan, has patented an apparatus for continu- 
ously melting 0ut sulphur by combustion oPpart of the sulphur 
itself, and converting the sulphur dioxide formed into sulphuric 
acid in lead chambers {Clieni. Zeit., 1886, p. 1199). 

The American patents of F. Dickert, Nos. 298734 and 
301222, describe an apparatus fbr melting sulphur, consisting 
of a jacketed pan connected by a perforated diaphragm with 
another jacketed pan turned bottom upwards. The melting is 
produced by means of steam intloduced into the jacket. 

Sanfilippo (Fr. W 3:1.6834) utilises the SO., formed in the 
sulphur kilns by part of the S getting burned for the manufac- 
ture of sulphuric acids^or otherwise. 


ilie Frasch Process. 

A complete revolution in the production of commercial 
sulphur frqm hitherto unavailable crude ores h^s been brought 
ibout by the ingenious process of Herman Frasch (U.S. Ps. 
j.6i429^» 461430, 4(^1431 ol i 891*;>, ^hioh is applied to the 
Louisian^ suljjhuf, where quicksancf makes *t impossible to use 
;be ordinary methods {suppfr, p. 26). * • 

1 heard of thii^ process already in 1893 PVasch himself, 

out, it took a good many years before it reached a full success 
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The description of its sjatc m 1902, yi the tRircI jeditioij of this 
book, ^p. 18 and 19, showed that ?ucccss had thgn bcVn distinctly 
attained, and the figures, given supra, 17, on the sudden 
increase of the production of sulphur in fhV United States, are 
the best demonstration of this. In Febriuiry 1992^^ I received 
from the inventor (Mr Fraschj a set of pliotographs, taken on 
the spot a few weeks before,* inhibiting yie manufacture on a 
j large scale, the pumps discharging a full 3*in. .stream of liquid* 
: sulphur all through. The bailer-power was being increased 
from 2100 to 4300 II.l^ 15 ^) to then the average production 
was 100 tons per day from one well,* up to 2^0 to^is per day 
had been realised before. 

In 1904, as reported by the Rug, and A//n. J., i6th October 
1904, two wells according to the Fra'^ch system were in opera- 
tion at the Sulphur Mine, Louisiana,*by th^ Union Sulphur Co., 
with a daily output of 500 to 750 ton.% (maximum record 850 
tons) of sulphiir, and it w^is estimated that 200,000 tons would 
be got in that year. * . ^ 

Ed. llart^in the Auiev, CJicni. 1905, xxvii. ^^8 
UV .VA/., reports that* 16,000 tons per month of l^rimstonc were 
then taken out by the Frasch process. As much as 23,000 tons 
liavc been takcil out of one well. The existence of 40,000,000' 
tons has been pi oved. The holes arc drilled to a depth of 800 
ft., and a 13-in. casing is driven in. Inside this a lo-in., then a 
3-in., and finally a i-in.-pipe artj inserted. Iktwecn the 3- and 
10-, and the 10- and 13-in. pipes superheated water is forced into 
the well by its own expansiv# force, jbe sulphur melts jmd 
ri.ses to 400 ft. in the 3-in. pipe, from whicji it <s raised to the 
surface by compressed air yirough the * -in. pipe. The molten 
sulphur IS run upon the gi’ound in ponds made of rough boards 
72 ft. square and P4 ft. Wgh. It coste 12*90 f.o.b. per ton. 

In November 1904 it was reported that the mines were 
5 ippmg about 800 tons daily, th(?jnaximum being sSo 


New patents taken out by H. Fra.sch in 1905 (U.S.F.s. 799642 
ind 800127) describe fhe process a 5 follow.?. Water is heated 

lari wilfch.molte’q sulphur begins to 

arken, by bringing it ii^ctmtact with high-pr?ssuVe ^team, and 

iressnr 'vatii;- of coiKfensationpfor’cedJby steam- 

ssure through two concenfric pipfs Alo the deposit. The 
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outer pipe opeps n^ar the \Jpper pa>t of^the mine cavity, whilst 
the Inner OKe is ^rosed at the bbttom, but has a discharge outlet, 
a little above its cl({)S(3;.d end, opening near the lower part^of the 
mine cavity. tThcf' hot water •melts the sulphur and passes 
away throngji the porous rock, means being provided to pre- 
vent its return to the surface of the ground. The molten 
sulphur separates b)/ ^gravity fr^ the water, and is forced, by 
the steam-prcssu,rc, up thrf)ugli^i inner pipe, which passes down 
through the closed end of the smaller hot-water pipe, and is 
provided at its lower end with ff strainer. The hot water 
entering the mvic cavity* is kept under a steam-pressure less 
than that of a column pf molten sulphur, equal to the depth of 
the deposit below the level of the ground ; compressed air 
or the like is forced through a pipe, provided at ite discharge 
end with a perforafcc^ picc(? of a metal not corroded by molten 
sihphur, whereby the dcfisity of the latter is reduced to near or 
below that of water, and ^ the molten sulphur i^ then readily 
forced up to the surface of the grounc] by the available pressure 
in jthe^ine cavity. " , 

Frasch’s Amer. Ps. 870620 and 988995, ectntain some further 
improvements in details of his process. Into the underground 
sulphur deposit steam is injected at a temperatfire at which the 
melted sulphur begins to be pasty when further heated ; the 
sulphur is then raised in the mcJten condition. According to 
his Amer. P. 1008319, of 14th iS^ov. 1911, a well is sunk into the 
underground sulphur deposit, and a retaining wall is formed 
aboeve the well-hole by introducii^' sand or other suitable per- 
forated lining; rtiesqjphur is then liquefied within the retaining 
wall (for instance, by introducing hot water, which is allowed to 
flow away undergrouncl), and is removed in the liquid state. 

In 1905 I received direct informatioTi (aj? I reported in Z. 
ingeiv, CheuL, 1905, pp. 1009 ^ ro6)on the state of the Frasch 

process from the Union Sulphur Company in New York which 
works that process. That firm then owned foijty-eight s<team- 
boilers of 150 H.P. each, = 7200 II.P., for raising the necessary 
steam and heating \he wat0r to Ihetterr^Dcrature required, as 
described by Hart, supra. TTic boiltrs are fired Vith Beaumont 
Dil (naphtha);* Although t 4 iis methtdjof firihg requires very 
dttle manual tabwur, there were 690 men*employed at four or 
ive wells going day andV'dglu. Thb average production exceeded 
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tooo tons per day. A. sample of tfcat sulphur, Hrqnsirtitterf to 
me, showed 99.6 per cent, real S. The pro»lucti6ri at those 
Louisiana works, say 350,000 tons per anh.iim, already reached 
two-thirds of the Sicilian production. A^cortling (b further 
information, given by Mr Frasch pcrsorjaHy to in April 
1905, they had then at the mines steam-boilers for 13,500 H P 
and a tank of 200,000 barr*^ capacity, for the heating-oil’ 
Four sets of sulphur wells wercThcn’ in operation; and a fifth 
was to get to work within t\yo months.. Each .set of wells easily 
produces 400 tons of sulphur* in twenty-four* hours, but may be 
worked up to 630 tons, so that a daily* prod uctiftn ot more than 
3000 tons would be possible. 

In 1909, according to/, hid. and Engin. Chem., I9n,*iii. 
p. 355, the output of sulphur in the* United States had risen to 
339.312 long tons (from 3147 tons ni 190c)* and of this 37 142 
tons was exported, against a large imijcrtation in former years. 
1 his enormoiw reversal of condition#, it is stated, is due to the 
rrasch process. 


A set of {jiiotographs of sulphur m juuuisianaf which 

I have now (191,7 before me, illustrate the progress of the 
process very stoikingly. It shows blocks of sulphur, 500 ft. 
ong 250 ft. wide, and 65 ft. high, obtained by running the' 
sulphur, driven :ip from the mine through the Frasch pipes, into 
hi.s_ enormous reserwir. When this bloqk is completed to 65 
• igh, It ,s permitted to cojigeal; the boards forming the 

L , available for ship- 

■o loa /.f Locomotive cranes pick up 2}_tons of sulphur 

. oad the cars ; the time necessary fo|; tljis pfirposc has been 
cn ly „„1, reduced, y. h.rbourVem .hid, ,h. (ulpru 
*,ps leave .he g„ f i, s-abi„e, A mechanical loadine/vi" 
ads the ships at ‘the r^te of 1000 tans per hour, so that a shio 

- "i>'> 

In* December 1911, Mr Herman Frasch received for his 
Tkiu"” ll" ir-l diulinc. rf the • 

"Plpof Mr FrWh- S'' '’*f »»/.■>'■ 1 ^ 

ccoiinf nf V,; • ’ PP 3 a most interesting 

Ln.on Sulpijnr Company has*,-,e,ed the boalness ot 
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refining# suljjhiir m Frarj^e ; it possesses two refineries, in 
Marseilles and C^^tte, the FrSnch vineyards using enormous 
quantities of refine|i ground sulphur. These refineries now 
produce about ooini^'i.hird of th» total amount of sulphur con- 
sumed in Erancc. 

Other Recent Processes for Uk Extraction of Sulphur 
from }juiv Ores. 

Lalbin (Fr. P. 33309^) cxtr<ict^ sulphur from earths and 
especially from tav or woody mat^ers^. by means of a vertical 
retort, heafed fvom a futnace by means of surrounding flues. 
A certain quantity of .air is blown into the retort, in order to 
oxidise gases which might otherwise form explosive mixtures [?] 

Roos (P'r. P. 354688) heats earth or sand contaimng sulphur 
above its melting-point and separates it from the earth, etc., by 
centrifugal action. ♦« 

E. F. White (Amer. P., 847869) describes an* apparatus for 
sulphur smelting, Fig. i, which consists' of a cylinder, 2, with 



• tracks, 6, secured in its lower portion. On these travels an 
ore-charging car, 7, «onstruclcd of^ei^orated metallic sections, 
a number of .whiefli can bi indqDcftdentiy ntoved and are 
provided* with dfimping-soctions. A ,*feump, 25 to , co.n- 
municatin^ unth# the cyfinder, is provided .with means for 
heating and a tap-valf< 3 ^ 3 f, with a plug, 40. 
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Fleming (Amcr. 94^926) m^lts the *ore ,by aiY means 
whatever, and afterwards maintSiins it in fiigion by electrical 
mean^, out of communication with the# p^tmosphere, forcing 
currents of steam, with or without air, thre^rgh ihe moiten mass, 
and condensing the vapours evolved in coolj^d recei\ crs. 

Saiifillippo di Luigi (Austr. P. applic. A4913 of 1910) 
describes an apparatus for tlie distillation of sulphur from its 
ores, consisting of an inclinea^still,''fittctf wijh baffling plates 
which compel the ore to keep along the bottom side of the 
still, and heated all over its*circumfcrence mi order to prevent 
any condensation of sulphur vapours cit the still sidys. 

Rocasolano {KezK real acad, scicn. Madnd, viii. 895 ; extract in 
Abstr. Amcr. Cliem. Abslr..^ 191 L P- 35^0 attemptech to 
modify the, process of d'homas, wh (3 melts out the sulphur by 
superheated steam, by substituting* for tji 5 steam, air heated 
above the melting-point of sulphur Jjy means of a tubular 
system through which circulates steam at a pressure of seven 
atmospheres. This nfodification was open to ii^ost of the objec- 
tions to the Jhomas process, and, moreover, cannot be •recom- 
mended on accoLittt of the small heat capacity of air. The 
following process was then devised and is now in use industri- 
ally in several parts of Spain. This method secures extraction* 
of sulphur and refning [)art of it by a single fusion, h cylindri- 
cal boiler, holding about 64© kg. of mineral, and having an 
opening near the top for loac^ing, is inclined at an angle of 
40 to 45"". The mineral is held in place by a movable grating 
near the lower end, and bek>w this grating the cylind(;r is 
terminated by an elbow dipping under water.* * Where heat is 
applied, a portion of the sulphur me!ts, and carrying with it 
organic bituminous material volatile at 120" to 130^, flows out 
of the elbow of ^hc ej^dinder and is collected under water as 
fused black sulphur of 97 to 98 per cent, purity. As the 
temperature rises, sulphur is volatilised and carried through 
the ^pper end, of the heater into a cool chamber, where it is 
obtained as flowers of sulphur, as well as through the lower end' 
of the cylinder, where it is ci>llect(^l in yelfcw masses of 92-2 to 
997 per cent, purity. Air is excluded fr 5 m tli^ apparatus by 
means of water-seals #ill openi.^.s. All fhe ^jriycipal com- 
mercial forms of.sul{^ur may thus b5 obtained iif one; operation, 
and the proportion of each form may varied at will within 
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certain « The follo^rin^ is ^ tyj^ical single operation : 

from 600 k^. of mineral containing 30 per cent. bul[)hur were 
obtained 12 kg. flovtefi8 of sulphur and 155 kg. of fused sulphur 
of the second ifnd *iA!iird comnfcrcial grades, making a total 
yield of 92-*/ per cerrt.^ 

Sulphur Manufactured fiyfu Various Materials. 

Free sulphur o’s produced ffi large quantities in the manu- 
facture of coal-gas y and i.*? containec^ in the spent oxide of iron. 
We shall treat of this^ later on**as material for producing 
sulphur dioxide ;* in this place we mention it only as a source 
of obtaining free sulphur. This is .sometimes done by extract- 
ing*^ it with carbon disulphide ; but this process does not 
generally seem to |jay (cf *y. Soc. Clieni. Ind.^ 1883* p. 49 ij. 

Gerlach (Ger. P. 239 of proposed to obtain sulphur from 
sulphur-ores, and especially from the spent oxides of gas-works, 
r by heating them in iron or^fire-clay retorts, whilst at the same 
time superheated steam is passed through. The sulphur is 
said to' distil very rapidly. A description of this process, with 
diagrams, is found in Wagner’s 1879, p. 268. It was 

tried in Upper Silesia, with sulphur marl, but did not answer 
\Fischeds Jaliresber., 1882, p. 234). 

O. C. U. Ross patented a process in every way similar to 
Gerlach’s (K. P. 713 pf 1879). Other processes of the same 
kind are described in the Sciei^ific American, xxxix. p. 276, 
and in the Clicm. Zeit., 1879, P- 241, by Dubois (B. P. 13108 
of 1*885 and 7129 of 1886; Gef P. 41718: the last patent 
de.scribes a revotving^ report). 

Broadberry {Gas World, 1895, ^xiii. p. 643) extracts the 
sulphur from spent oxi(Jc of gas-works by means of benzol at a 
temperature of 70'’ or 80^ employing a* circfllating-apparatus. 
One gallon of hot benzol yields on cooling 2-5 to 275 lb. of solid 
sulphur, and retains o-2^*lb. in solution, which is obtained in 
distillation.. From an experiment with 20 lb, 4 ie calculates a 
profit of 6s. 3d. per ton of spent oxide. 

The^ulphur mafle from* gas toitle is mostly of a dark 
colour, owing to the presence ^oj" a Vbry smaTl quantity of tarry 
substances^ anS this makes h very diffiowlt to sell, so that it is 
nearly always* biirned without e^;tracting^ it, ‘as we shall see 
infra, No. 5. 
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In order to remoMe this da^rk colour, Recignpul •(Gej-. P, 

1 7S020) filters the benzolic or toluolic solution thrftugh animal 
charcoal. He describes an extracting apfijuatus in the form of 
an autoclave, a charcoal filter, d cooler, and’a filter for*collccting 
the sulphur, of such a construction tha^ rthe benzol may be 
recovered. The desulphurised mass is treated with lime in a 
high-pressure apparatus, in’ ;)rder to recover the cyanogen 
compounds. His B. P. 8530 ol* 1905 pre.scribes extracting the 
sulphur by hot toluol, allawiijg it to,.separate by cooling, and 
using the solvent oveg anfl over again. • In his Aust'r. P 
27298 he pre.scribes mixing the toluol with carbon tetrachloride 
Cornillaux (li. P. 7616 of 1905) purifies the solution of 
sulphur m CS,, obtained from spent gas oxides, by filtration 
through cfJlcc, soaked with concentrated sulphuric acid 

Maybluh (Ger. P. 148124) extracts .spent gas oxide with 
petroleum, boiling over 150°, .say at 250" at boiling heat. The 
fusion of thc» sulphur greatly a.ssisis its solution, so that the. 
petroleum can take up- no per cent, sulphur, and this is 
obtained of •yellow colour, free from tar, and can be' easily 
further purified by*di.stillation. , 

Vaton and Zuaznavar (Fr. P. 336661) distil the material in 
retorts, with a ''ondensing chamber of such dimensions that the* 
temperature is in.iintaiiied between 150" and 440“, so that only 
pure sulphur is condensed tluTrein. 


Gunther and Frankc (B. P. 11187 of 1907; Fr. P. 
377827) extract sulphur from gangue or other material, 
especially spent oxide of ga.s?ivork.s, by* boiling acetylene tetra- 
chloride, as a mixture of it with xy^ol ; ^.n^ioolifig all the sulphur 
separates except i per c^it. remaining in solution. The ferric 
oxide remaining behind may be used oyer and over again, and 
thus accumulates 'a greyer amount <»f cyanogen compounds than 
IS possible with other -sulphur-extracting methods. 

Derome (hr. P. 372099) heats the* (paterial to redness, whh 
or without thejaddition of a hydrated ba.se, with injection of 
s earn into the retort, to assist in decomposing cyanides 
Sulphur, ammonia, etc., (ScaTje an^ are condensed in ajiooline- 
cnamber by water sprays. * 

P. R Williams (B. i’r 596 01 19^9) treats the spent oxide 
Hill KM filters the solution o^arnmofiium poly- 

P I e the fer/ous sulphide, wJugAls converted into oxide 
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by e^po^re,tonhe air andfigajn treated with NH.^. Sulphur is 
precipitated Yrom’Che ammonium polysulphidc solution by broiling, 
the escaping NH^ fcleiV.g recovered in any suitable manner. 

Gouthfere anti Emtianccl (Fr. V. 427892) extract the sulphur 
from spent^ oxide by^a solution of sulphide NII^, K, Na, Ba, 
or Ca, and decompose the polysulphidc .solution formed by heat 
pr by COo and lime, sm as tose|y.*atc the sulphur and to recover 
the purifying material. According to Their (Fr. P. 434673) they 
recover at the same time ammonia fiom the cyanides present. 

It is not possible to/jbtain sufphuir entirely free from the 
solvent, ^that ‘obtained *from spent gas oxides, as petroleum, 
aniline, tar oils, and especially carbon disulphide, by mere 
distillation. The Chemischc Fabrik Phomix, Rohledcr & Co. 
(Ger. P. 182820, and B. 23957 of 1906; I'r. P. 370893) 
attains this object by running the solution, in a finely divided 
form, into water heated ‘'above the boiling-point of solvent; in 
^ the case of CS., say to 70 ', such a rate that no large quantity 
of the solvent cah collecf there. The small quantities gradually 
flowing' in quickly give up the CS., by evaporatioYi, and the S 
collecting at the* bottom of the vessel in the form of leaflet does 
not retain any CS.,. When enough S has collected, the supply 
of solution is stopped and the boiler is heated to about 85' for 
I hour, then allowed to cool and em[)tied ; the sulphur remains 
on a sieve placed belcvv. * 

A certain quantity of sulphur is obtained by the distillation 
of pyrites. This, however, pays in very few places, except under 
special circumstances — for instance, at the works of J. D. Starck 
in Bohemia, which for m|;rly .supplied nearly all the fuming oil 
of vitriol, and where the distillation •of pyrites is practised in 
order to obtain a material for the manufacture of sulphate of 
iron, l^etween 1863 and 1872, 2440 tows of sulphur were thus 
n\adc. The distillation ud<cs place in earthenware tubes 3 ft. 3 
in. long, 5 in. high, aiKU5J. in. wide, quite open at the back, and 
in front narrowed to an opening of in. diaijeter ; they are 
glazed with common salt ; and three tiers of seven tubes each are 
placed im each furnace. For ^vach fubq there is a small receiver 
of .sheet-y'on ljf11fiilk:d with w»ter, and (Attached to the tapering 
end of the •tube. The charge of pyrites fs put into the open end ; 
a slanting*piecc o*f sh(;ct-iron is plw:cd in f^ont J and the opening 
is closed with sand or p‘^n'it?es cinders, as .shown in Fig. 2. 
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Here only one-thir 4 of ^hc sulphur containetl in tlie pyrites 
is recovered ; but in Sweden half (?) of the sulphurV's said to be 
obtained in a furnace built similar to a liij!c*kiln, and continued 
at the top in a wooden chimney servings 2 * a c«nden^‘ng-space. 
The kiln, having been first made red-h©t, is charged with 
pyrites, of which one portion is ^ 

burned whilst the other portVn 
volatilises and is condensed af 
the top. The work is c^v'riod 
on continuously, fresh^ pyMtes 
being from time to time intro- 
duced through an opening near 
the top, and the cinders being 
removed at the bottom. 

P. VV. Hofmann 
polyt, eexx. p. 232) proposed 

to utilise the^iulphur of the pyrites^ smalls. If sulphur dioxide 
is conducted over red-hot.calcium sulphide (fro-n alkali-waste), it * 
is at first completely absorbed ; afterwards sulphur distils over, 
and the calcium Sulphide is transformed into^ sulphate. The 
latter, by conducting ordinary coal-gas over it in a red-hot 
state, or by mixing it with coal and igniting, is reconverted intd 
sulphide, which can be used over again. Hofmann proposed to 
burn the pyrites smalls at the mines, to obtain their sulphur by 
means of calcium sulphide in* a state fit for sale, to treat the 
cinders by a process to be de.scrihed in a later chapter for zinc 
chloride and sodium sulphate, find to wo»k the residue for pig;-iron 
in a blast-furnace. This proposal^ ha.s^noj; fouficl any application 
in practice, and is not likcjy to do so, since the burning of pyrites 
du.st by the shelf-furnace is quite as ^advantageous for acid- 
making as that of lunip ore. • 

According to a French patent of the Societe de St Gobain 
(No. 107(S20 of 28th April 1S75), on the top shelf of an ordinary 
Hiclf-burner fey pyrites smalls (see Chapter IV.) a fire-clay retort 
IS to be placed, in which the pyrites is first deprived* by distilla-* 
tion, of a portjon of its tsul^hur, Miich is*collected in^the well- 
known condeiising*-chainbeVs as.lTovvers ot\sublvir. After some 
time the partially desiUp^uriscd pyrites is let d(5wn*to the next 
lower shelf, and ^o ofi to others lowcr^down. Hei^ thp remainder 
nf the sulphur burns^ and the? gas goes »‘iifo acid-chambers, whilst 
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its heat /:ause^the*distilla^on of furthej* portions of pyrites in 
the fetort. «This^roccss does ifot answer : the flowers of sulphur 
obtained are very acid ; and both the burner and the chambers 
work very badly. similar process has been again patented 
by Labois 97^1 of 1884). 

Biiisinc (Ger. P. *73222) heats half-roasted pyrites with 
sulphuric acid, to recover sulphur, ferrous .sulphate being 
Obtained as by-product. Accor^ng to P. 79706, the pyrites is 
to be distilled in closed vessels at.700" C. and the residue treated 
as above with sulphuric acid. The residue, consisting of sulphur 
and ferrous and j;upric sulphate, can be applied as it is to vines 
for certain diseases ; or else it is extracted with water, the 
resiflue is worked for sulphur, and the solution, by treating it 
with metallic iron, yields mttallic copper and ferrousrsulphate. 

Holloway’s process (B. .P. 500 and 1131 of 1878) at one 
time excited much attention. He blows heated air through 
melted iron sulphide, thus decomposing it into a (^upreous matt 
’and a slag, togetjier with free sulphur, which distils off and can 
be coll(^ctcd. The principal aim of this process waj the concen- 
tration of poor copper-ores in countries wherv fuel is expensive. 
It has been described by the inventor in a paper read before the 
Bociety of Arts, which has been published togeth\^r with the dis- 
cussion following the reading of the paper. Bode {Dirigl. polyt. 

ccxxxii, p. 433) has criticised it. Dr Angus Smith (/I //(y?// 
Reports, 1877-78, p. 4^) expected important results from this 
process, which is decidedly very interesting ; but it has found 
no practical application. « 

Stickney {Eng. and Min. J., Ixv. p. 674) heats pyrites to red 
heat by means of proefuedr-gas. There is an escape of and 
SO.,, which are converted into free sulphur by means of a spray 
of salt solution {cf, Schaffner^s and Helbig^s process, Vol. II. 3rd 
edition of this work, pp. 935 et seqi) \ *the reaction is to be 
priJinoted by electric spairks. 

Swinburne (Ger. P. 1^4734) places the sulphidp ore in a bath, 
consisting oT fusible chlorides of heavy metals, Ifeats to a high 
temperature and applies the eiectricicuiirent which produces free 
chlorine Ifrom the cWorides. % The •cWorins decomposes the 
sulphide \fith ♦ibeTation oP^ulphur v^hjjbh distils off, metallic 
chloride being i»ef(jrmcd, 

Malzac (Ger. P. 16311.^3) obtains sulphur from the sulphide 
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ores of copper, zinc, an^ oth^r metal^by digesting thenj with an 
ammoniacal solution in the prese*nce of air. ^ * 

Frfihling, Fleming, and Whitlock (B. P.^ri0295 of 1900) profess 
to obtain practically all the sulphur from ^FuS.^#by haating the 
ore in a retort in a stream of carbon dioxide or pitrogen with 
the addition of a small regulated quantit/of oxygen, by which 
only the iron is burnt to Fe.^0r, the sulphyr being set free. 

Walter (Ger. P. 192518) ootain.^ sulphur, in the roasting* 
of pyrites smalls, by a ^unvicc similar to the Herreshoff 
burner (Chap. IV.) but fitted in a special way, so that the 
condensing sulphur remains in a meked state* and ^can be run 
off through one or more lateral pipes. ^ Or else the roasting 
takes place in slightly inclined revolving cylinders. His protess 
for obtainiwg both rolls and flowers \if sulphur directly from the 
ores will be mentioned later on. • ^ • 

Roos (P>, P. 354688) obtains splphur by centrifuging 
minerals containing it at a high temperature. ^ 

Lalbin (Fr. P. 35JS30) sublimes sulphur f^om minerals by 
means of a fwrnace heated by producer^gas. # 

Fleischer (Ger.«P. 205017), while distilling yff a portiim of 
the sulphur in pyrites, leads air and steam into the roasting 
furnace, whereby the residual sulphide is decomposed with* 
formation of H S and SO.^. The gases from the furnace, 
containing excess of steam, arc cooled first to a temperature 
above 100°, in order to condepse the suTphur v'apour, and are 
then further cooled, and if necessary water is added in order 
to cause the reaction : 

2H,S-t-SO.> ^ ^lk,QH-§S. • 

The Consortium fur* elektrochcmischc Industrie (Ger. P. 
162913) obtains sulphur from the sijphidcs of the alkaline earth 
metals (Ba, Sr, Ca) by treating them with chlorine, whereby the 
chlorides of these metals are formed. • * 

It, has oftep been proposed to prepare sulphur by passing 
gases containini^ sulphur dioxide through red-hot coal [coke'). A* 
special apparatus for ttiis § purpose has* been proposed by 
Haenisch and'SchrtDedci' (B. P. ^04 of 1S85). .They pass the 
gases through fire-claj^ •ylinders filled with*col?e ^iTd heated 
from the outside# by ^jroducer-gas ; tRe produ{:ts*of gombustion 
travel through another cylinder, filled v^tli open brick- work and 
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heated by the ivaste fire-g^ses of tl?c fiist operation ; here the 
undecomposed the carbon monoxide, carbon disujphide, 
and carbon oxysiil^:)ltjdc act upon one another, so that, if the 
current h^s bee^. properly re^uljfted, ultimately only CO., and S 
arc formed. . Or ejse the SO., is at once trcajted with CO, 
according to the equation 

SV),+.2CO / 2CO, + S. 


This process has been t^ried on* a I’argc scale at Oberhausen 
(cf. CVu’///. Zcit., 1886, p. 1039, abstffictejl in J. Soc. Chun, hid.^ 
1886, p. 534), but evidcntlj^ not successfully. 

J. and F. Weeren. obtain the SO, for this piir[)ose by 
calcining sulphates with silica (Ger. \\ 3<S04i), They describe 
a special apparatus for this reduction and the reduction of the 
SO., by incande.scent^coke t*o S. 

.lleinrici (Z. (rn<;r 7 C>.» Chcni., 1898, p. 525) employs this 
reaction for the purpose of, utilising the acid tar formed in the 
purification of ntineral oils. By heating this SO.^ is evolved, 
which Vs reduced to free S by red-hot coke. • 

Baggaley (/imer. P. 805701) obtains the*sul[)hur contained 
in certain smoke gases by fdtering them through a travel- 
ling combustible filter and burning the whole in ’order to obtain 
sublimed sulphur. 

The Soc. an. Mc^tallurgique Procedes Laval” (Ger. P. 
196604) reduces SO^ from gasck' containing it to free sulphur 
by carbon monoxide. 'Phe SO., gases arc introduced into the 
furrmce centrally, and the CO, or ri^corre.sponding mixture of fuel 
and air, tangenti?llly, vdijyh causes a complete mixture, forming 
CO., and free .S, the latter being /iftcrwards condensed by 
suitable means. , 

F. R. Carpenter (Amcr? P.s. S/ipi^^and 925751) obtains 
sulphur from the roasting-ga.scs of sul[)hide ores (especially in 
the Colorado district). ^The gases are purified from flue-dust 
in chambers, where they arc also saturated with water intro- 
duced as spray; they arc then cooled in large chambers by 
means qf water-coils, ‘which cau.ses ^11 ^he SO.^ to condense as 
an aqueous sokptic^nf the r(^si(Wl ga.scs are ‘taken away by an 
exhausten • tIic solution ^fSO^ is frdb (?4 from fluc-du.st,*and the 
SO., boileef out*of*it b;^ means of cgils containfng water super- 
heated in the flue-dust ihamber.s. * The SQ., is conducted into 

• a. 
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towers, containing recl-kot d)kc, ^vhefc both SO.? ajul f T.p, are 
redncc^l as follows, with formation of CO.> or CO ; * 

2SO0 + 211,0 + 30 - 2H,sV3i’0, 

SO/ + rL,6 + 3C* - 11 ,S + 3 C 0 .“* 

This gaseou.s mixture, after a(lmitting*the necessary amount 
of air, is worked in Claus-kilns (77>/e our Vol. 1 1 . 3rd edition, pp, 
972 et srq.) for sulphur : • ^ • 

H.,S + 0 . S+H.A 

0 

A modification of the process, which js, ho\vcver, less advan- 
tageous, consists in taking the roastrng-gascs,*withi)ut concen- 
trating the SO9 in the above described manner, with addition of 
steam directly into the rcducing-kilns, or else they are furflicr 
heated to tfecompo.se the “ subsidiary sulphides.” 

r. S. Smith, assignor to the Ponl: de Memours Powder Co. 

( Amer. V. 878569), forms producer-gas a«d water-gas successively, 
and mixes tlAi water-gas with the # 80 , contained in sulphur-, 
bearing gases. This mix-ture is highly^hcatcd +)y the producer- 
gas ; the sulfjhur vapour, set free by the reaction between the 
SO., and the water-gas, is condensed and collected. The same 
inventor (Amer. Ps. 9451 n and 9451 12) describes special 
constructions of apparatus for this purpose, which allow of 
working the process in a continuous manner. 

Sulphnriitcd f/ydropr/i has been very irc(]uently proposed as 
a material for the production free sulphur, which lias become 
an economical possibility through the Claus process for the 
recovery of sulphur from Ifeblanc tank-waste. We cannot 
describe this industry in this plact;; it,is iully Scalt with in Vol. 

• II. part ii. of the 3rd edition of this work, pp. 967 r/ seq. (1909), 
and we subjoin only a brief notice of soyic recent processes. 

Carulla (/. Stu'. /ud., 1897, p. 980) prefers burning 

II2S in an ordinary pyrites-kiln, in lieu of .the Claus-kiln, as Jjie 
yield is much larger. * . 

l^aranoff aijd others de.scribe (E. P. 7269 of i898),the produc- 
tion of S from HoS, obtained by the reduction of native 
sulphates and^treatmen^byVO.,. *This IlJ,S is passed ^)ver red- 
hot sulphates, which are thereby rcijuccd ^ncld free S and 
SC\ • ‘ • 

The Chcmi.s*chc •Imbrik.Rhenania and R Projahn (Ger. P. 

*73239) pass the gases containing lf,S, those from, the 

•• 



44 RAW MATffi^IAlS 

Claus process, after mixing them vtith i)xygen or air, through 
a cupola charged with bauxite or other material containing 
aluminium oxide, ^l\ich need not be previously heated, as it 
gets up by itself to ,the necessliry heat ; there is no danger 
of explosion, in this case, such as have taken place when 
employing iron oxides as a contract substance for a similar 
purpose, and much^Jess H^S Is* lost in heating-up. The 
reaction here occurring i^ : 

SO>-c»2lI.S -*2j/,0 + 3S. 

t • 

The Chpmisohe Fabrik Rhenania (Cheni. Zeit., 1908, p. 247) 
states that in the recovery of sulphur from Claus gases the 
application of bauxite as contact mass in this manner on the 
large scale allowed to recefver the sulphur up to ^ per cent., 
whilst an experimeb 1^,011 tlfe larger scale with titanic iron ore 
(B., P. 25976 of 1906),* to be mentioned just now, did not 
confirm the good results obtained in the preliminary experi- 
ments. , . * 

Ty^Ts, Hedlcy, aiuPthe United Alkali Co. (R« P. 25976 of 
1906) use a .salt, or ore of titanium as the cat?il\'tic agent in the 
recovery of sulphur from ll.^S. 

HelLsing (P'r. P. 376534; Ger. P. 209960; B.T. 8 164 of 1907) 
brings the gases containing II.^S into contact with a strong 
solution of SO^; aft^er the precipitated sulphur has been 
deposited, the liquor is again treated with SO.^. In order to 
prevent formation of a colloidal solution of the sulphur set free, 
sulphuric or hydrochloric acid, or^a suitable salt, arc added to 
the solution of S0.,. ^ 

Burschell ( 13 . P. 11133 of 1906) dc(^omposcs gases containing 
PIoS by an alkaline solution of ferric siflts as FeS, and recovers 
from this S and P'e ( 01 U).,, which is^Missolved in alkaline 
solutions, containing sugar or tartaric acid, and used over again 
for precipitating FeS. • 

Very similar to this *is the Ger. P. 181063 of the Gewerk- 
"schaft Messel. 

The ^47^// Inspectors' Report 07 i* Ailcali Works (for 1910), 
pp. 23-26, contains a.paper by'jyir Uincler ofi the oxidation of 
HoS by MqOg'in absence of<JOo and presence oT air, the result 
of which is ithatt the presence of free^ lime (Ca((?)U).J is favour- 
able to a high yield oFftee ,sulphuf; the yjeld of thiosulphate 



■ SULPHUR FROM SU^HIDES AND SULPHAtES. 45 

• i 

in this case is low, andihert is an c|itire absenoe of MnS and 
polysulphide. # • 

Lang and Carson {J^roc. Chem. Soc.^ p. i6o) made a 
laboratory study on the reaction between. Il.,S*and SOo, which 
did not produce any fresh results. » 

Burkheiser (Ger. P. 220632) converts about a third of the 
HoS into SOo by passing the*gascs over oxygen carrier, and 
then brings about the well-known rca'ction : • 

2 lI_,S + ^ 0 ,, = 3S + «H, 0 . 

From the sulphides of alkaline eafth mctals%{\\?iyfiXy Ca) the 
Nurnberg Consortium fiir elektroch. Inclustrie (Ger. P. 162913) 
obtains sulphur by treating them with chlorine at higgler 
temperatures, until the chlorine contained in the distillate in 
the form of sulphuryl chloride sufficcfs for (;fi?brinating the poly- 
sulphide formed, whereupon this is decqpiposed by the sulphiy-yl 
chloride in aqyeous solutions to chlorides and free sulphur. 

Palaschkowski (Ru!5s. p. 5464 and 5477 of 19DI ; Chem. Zcit.y 
1902, p. 15) ckiscribcs the following modifications of the jwocess 
of Baranoff and IFldt for obtaining S and SOg.from sulphates. 
Instead of simply mixing the sulphates with coke, he moulds 
them into bricpitittcs by means of coal-tar, etc., which shortens* 
the time of reduction. The sulphide is decomposed by COg 
at a pressure of 2 or 3 atmospheres. The ILS is best not 
passed at once through red-hpt sulphates, but first through a 
.solution of the sulphides, which forms Ca(SH).^ and NaHS. 
The former is converted by mtans of into NaHS, which 

with CO^ gives 11,5 and NallCOs. Only this iloS is employed 
^ for being oxidised by sulphates to*S and So.^. 

Miintz and Nottin (Fr. P. 375469) patent the universally 
known process of recKicing calciunj sufphatc in some way to 
sulphide, decomposing \h\s by the CO.^ formed, and obtaining S 
from the H2S given off • 

Feld (B. P. 3061 of 1909; Amcf. P. 985667^ produces 
sulphur from and SO2, by treating them with compounds * 
of a metal (Zn, Mn or Iic),^he siflphide (jf which is insoluble 
and is decompbsed t)y SO.^.'eithei*' alone o? in tjic presence of 
air or oxidising ‘agents,\^fth formation of free S. * TJib process 
is specially adapted for the purification ^f •coaj-gas, and 
apparatus is described for that purpose; * The same inventor’s 
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Ger. P. ^,925 33, describes several pr<pces^cs for washing H.^S out 
of g'ases, with rccpvery of the washing-agent. Ilis Ger. i\ 237607 
prescribes bringing JI^S and SO.,, mixed with each other or 
one after 4:he other, hito contact with moist or dissolved sulphides, 
thiosulphates, or polythionates of zinc, manganese, or iron. 

The same inventor (B. P. 2719 of 1908; Amer. P. 927342 
of P^eld and Jahl; Ger. P. 202349 ; Fr. P. 38743(8) performs the 
’interaction of and SO^ in the presence of a substance 
capable of dissolving the liberated/ sulphur, preferably heavy 
coal-tar oils heated up to 40". The temperature rises above this 
by the reaction, When Ike amount of free sulphur reaches 50 to 
60 per cent., the bath is allowed to cool, the crystallised sulphur 
is .viparated centrifugally, washed with steam and the precipitated 
sodium sulphate dissolved out by the condensation water. Pure 
sulphur is thus obtained. -The liquid is kept acid, in order to 
avoid the formation of thiosulphates and polythionic acids. 

‘ Reducing- Sulphur do Fine Poivdt'y by Griudiug. 

y\p^rt from sublimeo sulphur (see below) very niuch sulphur 
is reduced to a fine powder by mere grinding and sifting, which 
operation, if performed in the ordinary way, need not be 
' described here. We shall merely mention some special pro- 
cesses for this purpose. 

A. Walter (Ger. P. 136547) performs tlie grinding and 
sifting of sulphur in an atmosphere of inert gas which is made to 
circulate through the apparatus. In this way the formation of 
sparks is avoided, and the sulj^iur can be reduced to such 
a degree of fineness that it passes through a sieve of 5000 
meshes per square centfineti'e. 

Kohler (Ger. P. 192815; Amer. 1^*898378) obtains sulphur 
in a state of great fineness J)y dissolving st in its own weight of 
fused naphthalene, and after cooling removing the Jiaphthalene 
bj^ gentle heating or by extraction with a solvent, 

Ducancel and Gouthiere et Cie (Fr. P. 401^67) incorporate 
• finely divided sulphur with barium, strontiu^n, or calcium 
saccharate, and thereby renflier it cmi^cible with water, for the 
treatment of the vin6-disease.»i * 

• • K 

MarciBe (Voufptes rcml^ 20th Mar^h 1911 ; Ckeui. Zeit, 
Rep.y ipii^p, 426) ascribe:^ the action of Siiilplvjr on the oidium 
to the sulphuric acid ‘contained in various quantities in finely 
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divided sulphur. Henci^the action of ‘^extra sublimed” swlphur is 
strongest, whereas ordinary sublimed or groundjsulphur contains 
only (5-01 to 0 02 per cent. and» ij less active. He 

therefore recommends passing sMlphur dioxi'de into 
the condensing-chambers, in order to prepare a* 
quality specially adapted for destroying tlie vine- 
disease. * 

Estimation of the Degree Fineness of Gnnuui 
SulpJinj^ * , 

Since for the purpose of preveiitin'g* the grape- ^ 
disease (the Oidinm) the degree of fineness of 
ground sulphur is very important, in France this 
is ascertained by Chancers sulphn^imeter^ shown 
in Fig. 3 on a scale of 1 : 2. 'Phis is a gifjs 5 tube 
sealed at the bottom and closed at thp top by a 
ground-in gh^s stopper. It is 23 cm. long and 
15 mm. wide, and divMed into 100” of | c c. ea/:h, 
beginning frpm the bottom; the 100* occupy a 
space of 100 mm.* ^ 

If ground sulphur is shaken up with anhydrous | 3 li 

ether it forms, 'after settling down, a layer, the L 311 

height of which corresponds to the fineness of the 
powder. The sulphur to be tested is passed !^||| 
through a sieve with meshes i^mm. wide; 5 g. of 
it are put in the tube, together with ether of || 

17"’5 C,, or very nearly that«temperaUire, filling 
half the tube. The tube is well shaken to break * 

up all small lumps, more ether is poured in up to 
I cm. above the degree* 100, the tube is again 
shaken and placed in 'a vertical position. When 
the layer of sulphur ceases to subside, its height 
is read off and stated as “ degrees Ch^fticel.” 

Ordinary grpund and sifted sulphur* shows 50^" 
to 55'" Chancel, finer grades 70'' to 75'". The finest 
grade is obtained not by gifting, bift by “ falining.” 

This “zolfo i^entiliito ” ’shicws to 9r Chancel (Walter, 
Cheni, Zeit., 1901, 539)*^ tF'or use fh vineyarcls {he, ‘^flowers ” 
ought to show aA least 6 (f Chancel^ some den^nnd. mnrh 
as 75"' Chancel. 



Fig. 3. 
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H. Freseniiis and P. Beck (Z. %maU Chem,^ xlii. p. 2i) draw 
attention to some points necessary to observe. The Chancel 
test for the degree '^of fineness should be made with ether 
distilled over sodium, After sh*aking up all agitation should be 
avoided ; the sulphurinieter should be fixed in a stand and at 
once immersed in waiter of C. Organic matter and ashes 
should be estimated, ^it little over 200“ C. after evaporating the 
sulphur. The cmicroscof)e will show whether a mixture of 
ground sulphur and flow(;rs of sulphilr is present. The tempera- 
ture in estimating the ^watcr by*tlryipg should not be above 
70'' C. JLuthors fbund in several samples of Sicilian 

sulphur from o*02 to q- 26 per cent, ashes, o-02 to 0-05 per cent, 
organic substance, 0-17 to 0-64 per cent, residue insoluble in 
CS91 of which 0-13 to o-28*was sulphur, and 0*16 t6 0*405 per 
cent, insoluble in cai^stic scTda solution sp. gr. i*2. 

Refining of SidpJmr : Roll and {dock Siflphur. 

here mention a Vew modern improvemcnts*of these well- 
known operations. 

Albright and Hood (B. P. 11988 of 1894) purify sulphur by 
" heating it for some time ju.st below its boiling-point. 

Boude et fils (h'r. P. 408512) describe the manufacture of 
sulphur cast into moulds, by distilling the crude sulphur from a 
cast-iron retort into a cast-iron qondenser, surrounded by a fire- 
space, and connected with a second condenser. The condensed 
sulphur flows from the first into tiie second condenser, and from 
this into the moulds. 


Floivcrs of Snlpi^nr. 

We shall not describe tlie well-known*operation of obtaining 
flowers of sulphur by the process of sublimation in its old form, 
but we must mention recent improvements in this line. 

Davidson and the Onited Alkali Company* (B. P. 17476 of 
1897, and 7088 of 1898) describe some modifications of the 
process of subliming*sulphurf 

Walter (Gcir. P./177281 ; •^mci*. f. 87*5812)* manufactures 
flowers oV, sulphur, not in the ordin^3i* way of aspirating the 
vapours fnom lha retort by an inejrt gas »nd billowing them to 
condense in cooling*(»hanjbers (^hich yields various degrees 
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of fineness, according t9 thi* distanct from the tet,ort)* but by 
driving on the gases by means of a face-blJst through the 
coolers* so that the gases and vapours ar/^ thoroughly mixed, 
and the sulphur vapour is ultlVnately coodens<?d in the state 
of uniform fineness, without drops and stalactites, 'of which, by 
the old process, sometimes 30 or 40 per cent, of the sulphur 
are found near the retorts. This prod'i^t is sold as “zolfo^ 
ventilato.” * » 

The same inventor (Gt 5 r. P. 19247^) obtains both melted 
sulphur and flowers of sijlphiTi- direct ly/rom the ore by passing 
it continuously through a vertical cylinder, together with hot 
inert gases (/>. smoke gases), and drawing off the vapours. 
The inert gases may have a temperature of only 150'’ in fhe 
upper part,t)ut about 350'' in the lower part of the cylinder. 

The Soc. an. metal lurgique ‘‘ Pr( 5 cedes,*de Laval ” (Gcr. P. 
168870), in the distillation of sulphur, condense it in a horizon-tal 
cylinder provided with an agitating, shaft, and surrounded by 
another cylinder containing a hot calcium chloride .solution, so 
that the tcm[x.‘rature in the inner cylinder is 1 1 5° to 1 25" a/^d the 
sulphur remains in *thc liquid state ; it is reduced to a state of 
great fineness by the agitating blades dipping into it. 

Boude et fils*(Fr. P. 361874), in the production of flowers of 
sulphur, arrange for each subliming furnace two cooling chambers, 
so that each of them can be emptied witjiout interrupting the 
work. • 

The same firm (P>. P. 369089) provide the sublimation 
chambers with arches, ranged f)erpendiailarly to the breadth of 
the chamber, rising to the right and left o^ the ildet opening for 
, the sulphur vapour. , 

Bassc-Courbet (Fr, P. *366280), in working sulphur minerals 
containing arsenic for flowers of sulphur, continually draws the 
non-condensing gas away from the chamber by means of a 
fan. * ^ 

Ddmentieff .(Fr. P. 351981) introduces sulphur vapours, 
together with steam or sprayed water, under pressure, into a 
chamber where the sulphur il at ofice conci'ensed in a v^ry fine 
state of division. 

Comsoli (B. 'P. 87^1^ •of 1902;* Fr. P. 316226) sublimes 
sulphur by a continuc^us process in a \)atterv »f scver^al retorts, 
fed with melted sulphur. 

D 
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Bert (Fp B. 401023) «»rfects tlifc coritinuous sublimation of 
sulphur by^ means of an apparatus comprising a hopper, from 
which the crude ^n^teriah is automatically fed into a vessel, 
heated by wastts heat, in which It is melted, the impurities being 
deposited and removed, the liquid sulphur rising through a 
filtering device immersed in the liquid. The nearly pure 
sulphur then passes, .k) tubular retorts of thin steel or iron, the 
surface of whifh may ' be suitably protected, from which 
the sulphur vapour pasties to the dollccting chambers through 
condensers cooled' by water. ^ 

Ducanrel an«J the Societe II. Gouthiere et Cie (h>. T, 401067) 
make flowers of sulphur directly miscible with water by the 
acFdition of saccharates of barium, strontium, or calcium. 

The process of Rocasolano, by which in one opbration both 
brands of ordinary,- brimstone and also sublimed sulphur is 
obtained from the ore/ has been mentioned, supra, p. 35. 

. ^ V . * 

, Sulphur in Special Forms {Cvlloidal, ck\). 

Shlphur or selenium in a colloidal form is^ obtained by 
Chemische F^ubrik von lleydcn (Gcr. T. 167664) by precipitating 
the sulphur from its solutions in the well-known way in the 
presence of albuminoid substances, redissolving in a weak 
solution of alkali and precipitation by alcohol, alcohol-ether, or 
acetone. Their Gcr.^P. 201 371 prescribes dissolving the sulphur 
in physical solvents, and precipitating it again by dilution with 
weak solutions of albumen, or removing the solvent by dialysis 
or .decomposition. The sulphift* thus obtained is soluble in 
water and is v?iluab)e for medicinal purpo.ses, eg. against skin 
diseases. Ilimrnelbaiier {Chem. Chi, 1909, ii. 790) prepares 
colloidal sulphur by the action of gelatine or of colloid silica on 
a solution of sulphuretted <Iiydrogcn. Sarason (Ger. Ps. 216824 
^nd 216825) makes such solutions by acidulating solutions of 
thiosulphates in glyccrihe with addition of thickening agents, 
e.g, gelatine. 

Sven Oden (Z. Chem. bid. Coll., 1911, p. 186) prepares 
colloid, solutions oPsulphur ’of vai^ioue degrees of dispersion by 
fractional coagulation. ^ ‘ 

“Elastic india-rubber-Wke sulphiJrr/' according to Weimarn 
{Chem. bui., 191 p. 398), is obtained by pDurifig melted sulphur, 
heated to 400°, in a th?n jgt into liquid a^. It then forms thin 
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strings of ] to i mm.« cliaAieter, wkich at first* a^e Hard ^and 
fragile^ but later on acquire such elasticity tAat they can be 
drawn out to 5-5 times the original length/^. 

Raffo and Mancitii {Z. CJicm. Ind. ColL, iQOt^, p. 35*8) obtain 
colloidal sulphur by pouring a concentrated* solution of sodium 
thiosulphate into strong sulphuric acid, sp. gr. 1-84, kept cool, 
)iot vice versa. Later on (ibut, 1911, p. 5*^ they found that the^ 
stability of the colloidal solution is duy to •the presence of 
sulphuric acid and sodium' sulphate. • The colloidal solutions 
are coagulated by the,»solulions of Jvalts of K, Na, Mg, Zn, 
M and Cr. 

Vermorel and Dantong (Coniptes niui., 1911, p. 194) render 
sulphur fit to be wetted by solutions of metallic salts by moisfen- 
ing 100 g. of sulphur with a solution of 200 g. oleic acid in 2 
litres denatured alcohol and evaporating the alcohol. 

Kelber and Schwarz (G. 1 ’. 24562 i)«obtain colloidal sulphur 
by the action f)f SO, on H.>S in the yresence of glutine. 

# 

• 'I'ccJuiinil Analysis of Sulplnir. < 

if, the tests for’the degree of fineness, suprli*^ p. 47. 

'riic ordinary technical assay of brimstone is performed by 
burning a weighed quantity, say 10 g., in a small porcelain 
capsule, and estimating the quantity of ash left behind. It is, 
however, advisable to estimate also tlv^ nioistnre for which 
purpose, in order to prevent any evaporation during grinding, 
an average sample of the unground or merely roughly-crushed 
material, weighing 100 g., is efried at i6o ' C. for some houi*s in 
an oven or water-bath . » • * 

Macagno {CJicul A'cuks, xliii. p. 192) proposed the direct 
cstiniation of sulphur by means of it;s solubility in carbon 
disulphide.^ Pfeiffer anorg. Chfni., xv. p. 194, and Lunge, 
Chc/n. tcchn. Uuicrsuchungs }ncthodcn,J\, p. 240) has reinvest^i^ 
gated this matter and given the followigg prescriptions for this 
method ; — Shaljc a weighed sample of powdered sulphur with 
exactly four times the quantity of jjure carbon disulphide, filter, 
reduce the temperature ’to*! 5° C., and ascertain thci specific 
* * • * • * 

* F. 1 j. Carpenter (/. S<k. (^hcm. Ind.y 4^02, p. 832)^oirfts ouf that crude 
sulphur hoinetimes contain^a large quantify of gypsum, which interferes 
with the carbon-disulphide treatment. In such c^ses ^he calcitun sulphate 
must be previously removed by boiling with hyvih'ochloric acid. , 

»• • 
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gravity bf tbe ‘solution. T^he follov\^ng Ijablc (abridged from the 
original) shbvvs fhe number of parts of sulphur dissolved 'by lOO 
parts by weight of (4^82 at 15'' C. for various specific gravities 
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* 
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The 

same subject is again 

treated by T. luichs (Z. angew. 


Chcm.^ i 89(S, p. 1189). His figures arc slightly different from 
those of Pfeiffer ; but the latter’s results (which were obtained 


in my own laboratory) seem to me the most accurate obtainable. 

Ceruti {CJicm, Cenir, 1904, p. 615) places i or 2 g. of the 
commercial sulphur on a filter, dried at lOo" and weighed, 
gradually adds. 50 c.c. of aniline (boiling-point 180' to 185°) 
heated to I20'‘ fo 13®'', , and .collects the filtrate. The filter is 
washed with aniline, dried at 100" aixl revveighed, thus showing 
the amount of impurities insoluble in aniline. The filtrate is 
mixed with hydrochloric a^bid, allowed .to cool, the precipitate 
then forming is washed on a weighed filter, dried in a vacuum 
over concentrated sulphuric acid, and thus the real S present is 
, found. [ 

W. N. Levy {Cliein. Cbl.^ 1911 , ii. p- 1883) employs the solu- 
bility o^ sulphur in jarbon cftsulph^i(le*/ilso for its estimation in 
sand, etc, cont^iivng it. ^ 

In spefU oA^ide of gas-igorks, Davis a^id Foucar estirhate the 
free sulphtir by (fonvgrting it into^*thiocya*nate by means of an 
alcoholic solution of sodium cya^jide, and titrating the thio- 
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cyanate with silver ni^ate^in the v^ell-known thannef {J.^Soc. 
Cheni.Jncl, 1912, p. 100). ' * 

Estimation of the Impurities of SulpJwn — Bituminous sub- 
stances arc most easily recognised by the * colour of the 
sulphur; they occur chiefly in sulphur mjic>c froni spent oxide 
of gas-works, which is sometimes coloured quite black. 
Peratoner {Chem. Cbl,^ 1909, ii. 479)^ four»d in ordinary crud^ 
Sicilian brimstone 0-03 10^2-44 per cent., but even in so-called 
“dark brimstone” not above 5 to 8 pc/ cent, bitumen. 

Arsenic sometimes ficcurs in brimstonc/more especially in 
that recovered from alkali-works, always ifi the* shape of 
arsenious sulphide. On extracting * the brimstone with 
disulphide of carbon, the As^Sj remains behind and cai? be 
estimated. Schappi {Che/n. Jnd.^ 1881, p. qqp) prefers extract- 
ing the AsoS.j with dilute ammonia (as described by the German 
Pharmacopreia) at 70'' or 80'' C. PVonV*this solution the sulphur 
can be precipitated with silver nitra^ie as Ag2S, which is filtered, 
washed, dissolved in hot nitric acid, and, estimi/ted as chlofide ; 
6 molecules 5f AgCl correspond to i of As^S.,. It is, however, 
more expediticnis to work volumetrically. The ammoniacal 
solution of arsenious sulphide is exactly neutralised with pure 
nitric acid, stn ngly diluted and titrated with decinormal silver 
nitrate, till a drop of the solution, on addition of neutral 
potassium chromate, produces a brown cvlour. When employ- 
ing TO g, of sulphur for extraction with ammonia, each cubic 
centimetre of decinormal silver solution indicates 0-04 1 per 
cent. As^S.^. Sometimes arsenic occurs in recovered sulphur 
in the shape of ferric or calcium ar^enil^, which^cannot be found 
• by the above process, buNonly by extracting the sulphur with 
carbon disulphide and digesting the residue with aqua regia. 

A qualitative reaction for arsenic consists in agitating i g. 
sulphur with 15 drops liquor ammonia and 2 c.c. water for lujf 
an hour, filtering, adding to the filtrate 30 drops ol hydrochloric 
acid a*nd 15 droj3s solution of oxalic acid, placing a bright piece 
of brass in the solution and heating to 60"" to too”; in the 
presence of arsenic, the brass is stained gjey or black»(Hager, 
Pharm. Centr.^ 1884, pj^ 263 and*44^. • , ^ 

Steel {Chem, Neivs,^^. Ixxxvi. p.^135) declarp the method 
of Schappi for *the' detection of arsenic ifi sulphur to be 
erroneous. He proceeds a.{ follows •He extracts 200 g, of 
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the ^sam^le .dtfring two h«urs in a* paper filter in the Soxhlet 
apparatus fvith \:arbon disulphide, withdraws the paper filter, 
allows the CS., to ava^porate, scrapes out the residue, heats this 
with 50 dc. stro*lig nitric acid till all acid is driven off, adds i c.c. 
stronjT hydrochloric acid and, after a few minutes, 5 c.c. warm 

water, filters into a test-tube, washes the insoluble residue with 

« 

^a little water, adds the solution 20 c.c. strong hydrochloric 
acid, I or 2 c.c.* of a fairly concentrated solution of stannous 
chloride in h)'drochloric acid, and, la.s^tly, 3 c.c. of strong sulphuric 
acid, heats gently ^nd ajlows to sfand , over-night. If As or Sc 
(insoluble in CS!,) is present, a dark brown precipitate is formed. 
This is filtered through asbestos (purified by aqua regia), washed 
an^i dried at 100'’, transferred to a hard glass tube, 7 mm. bore 
closed at one end^; the tube is then drawn out immediately 
above the contents ta 1*5 inm. bore for a length of about 80 mm. 
The bulb portion, conKiining the asbestos, etc., is heated to 
redness in a Bunsen flaine. As and Se arc (•Irivcn off and 
condense in thi narro\^ part of the lube. Sc appears both in 
the bi^ck and red modification and is at once iddntified by its 
characteristic odour ; As is found by heating tlic sublimate in 
a current of air, when As.,0.j forms a ring of glistening crystals, 
or, in the presence of traces of water, globules of a solution of 
oxide. If no .selenium is found here, it may be sought for in 
the CS, solution, by d/stilling off the CS,, oxidising the mass of 
sulphur by means of fuming nitric acid [no mean task with 200 
g. sulphur !], filtering through asbestos, evaporating the filtrate 
till •strong white fumes of sul[?huric acid appear, and then 
reducing with ShCl.,, ^tc, as jibove. 

Brand {CJion. CbL, 1908, p. 76.?) prefers the method of 
Gutscheid, which he carries out as follows. He digests 5 g. 
sulphur, etc., with 25 dilute ammoniacal liquor (1:3) during 
.n^quarter of an hour, filters, washes the filter with a little water, 
evaporates the solution to dryness, pours a few drops of nitric 
acid over the residue, dries in a porcelain dish,}Jissolves hi 8 to 
10 c.c. dilute sulphuric acid, pours into a large test-tube, con- 
taining <1 few pieces of pure zVic, puts A loose plu^ of cotton-wool 
into the^neck*of^the tube, and on this^a piece of filter-paper, 
moistened* with a drop ^f concentrated silver-nitrate‘ solution 
(i : i). The moJ'stencd .spot is coloured Itmon yellow, more or 
less quickly, according ^o the quanfity of arsenic present, and on 
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addition of water turn^blacjc In tlje case of twimstc^ie rolls, 
intended for sulphurising hops, no sensible colt)ratiV)n ought to 
take pTace within a quarter of an hour. H*e suggests testing by 
this method all samples of sulphur intcfidecV for [.reserving 
articles of food. ^ . 

Apart from the already described methods, selenium is also 
discovered by deflagrating the sulphur v^ith nitrate of potash, 
dissolving in hydrochloric acid, and* treating^ with SO.,, which* 
precipitates the selenium ai a red powder. 

Reed {Chon. Zeit. Rejy.^ 1 + 197 , p- 252) describes the American 
test for selenium. Boil 0 5 g. sulphur* with a F^)lution of 0-5 g. 
potassium cyanide in 5 c.c. water, filter and acidify the filtrate 
with nCl; a red colour, appearing within an hour, shpws 
selenium. ‘•Or else boil i g. sulphur with a solution of 2 g. 
potassium cyanide for an hour, add another cf-5 g. KCy and boil 
for another half-hour. Of course any^ iron present will react 
with the sulpNocyanide formed. 

Klason {Chon. Zeil.^ 1911, p. 1345 ; /. Chem.^oc. Ahstr., ^912, * 
ii. p. 201 ; fuhy in Z. angew. Chon., 1912, J)p. 5 XA^etseqi) stat,?s that 
already 0-5 mg. selenium per litre makes sulphyric acid useless 
for the treatment of materials in paper-making. Such small 
quantities can b*e estimated by the action of hydriodic acid which< 
by the action of selcnious acid is decomposed, iodine being set 
free and found by means of starch solution. This method is 
applicable to the e.xamination pf brimstone as well as of pyrites. 
Sicilian brimstone contains about 0-9 g. Se, Japanese brimstone 
I to 20 g. Sc per ton. Thetselenium pas.ses over partly jnto 
the burner gases and partly into the cinders.#' The higher the 
temperature, the more Se passes into the burner gases, but 
the cinders contain at IcRst 30 per cent, of the total selenium, 
and in the case of cupreous pyrites more than that. Falun 
pyrites contains on an 'average 10 g. Se per ton, but sometimes 
three or four times as much. By his •hydriodic process Klasutf 
was able to find 92 per cent, of the selchium in the boiling acid, 
even with quantities of 0-25 mg. per litre. • 

Durier /^/A//,,xxKvii. 5184; Abstr. A men. Chon. Soc., 
^9^2, 535) dcs*cribe 4 an itdi/lterant employed for grouncT sulphur, 
consisting of infusorii^ earth, whicH can be Easily dc*tectcd by 
chemical or mioroscopical methods.* It conjair/s about 75 per 
cent, silica, and yields at feast 80 pey^ cent, ash. As sulphur 
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containaat most 2 per cen|. ash, its incif.eration will reveal the 
adukeratioK ; ak^o microscopical examination of the original 
material or the ash^ which shows the presence of diatoms. 

Atialysis of ^Rejined Sulphur. — Sulphur in blocks or rolls is 
almost alvva.ys pra^.tically pure ; it may be tested for ashes, 
arsenic, and selenium* as above. 

Floivcrs of Sulphiir is never quite pure unless specially 
'washed ; it alw,ays contains some acid. landa {FischePs 
fahresber., 1898, p. 421) ^und up tc/ 0-283 per cent, ashes; the 
average of thirty samples was 0-^63 j^cr cent. He also tests 
the solubilhy in< boiling solution of caustic soda of sp. gr. i-2. 
This varied from 88 per cent, (in one case 68 per cent.) to 99-99 
per, cent., average 98-04 per cent. 

Domergue {Client. Zeit. Rep., 1905, p. 19) acknowledges only 
such an article as f]ower.s*of Sulphur” which contains at least 
25 per cent, of sulphur insoluble in carbon disulphide, fleckel 
{Cheni. Centr., 1905, i. p. 20^1;) agrees to this. Hvt the French 
‘Agricultural Scv:icty {ibid., 1905, ii.. p.* 1482) is of different 
opinicA*. On the one h^nd, the percentage of sulphur insoluble 
in CSj in flower^s of sulphur gradually decreases on keeping, and 
may sink from 30 or 35 per cent, to 12 per cent., without being 
•less efficacious against the disease of the vine.* On the other 
hand, mixtures of sublimed sulphur and ground sulphur, con- 
taining but 13 to 15 per cent, insoluble in CS.^, would pass as 
the proper article for tnc vine grpwer, although they are not so. 
Domergue {Client. Cenir., 1906, i. p. 8) replies that he asked 
merely for a minimum of 12 pep cent. S insoluble in CS^ in 
unadulterated fiUwers of sulphur, but an excess over that pro- 
portion is admissible. * 

Marcillc {Ann. Chim. (ippl.,x. p. 101'; Z. angew. Chem., 1906, 
p. 99) tests the commercial vglue of sublinnted sulphur by shaking 
up 5 g. in a Chancel tube with carbon disulphide free from 
Wter and reading off the volume of the insoluble matter on the 
division of the tube ; the Chancel degrees answer* pretty nearly 
<0 the percentage of S in.solubIe in CS.2. 

Taurel and Griffet {CompUs rend.,c\i\. p. 1182 ; /. Soc. Chem. 
Ind., 1911, p. ^83) ^'creat commercial' mixtures of sublimed 
sulphur ah^ dthe*r forms of sulphur^v^th carbon bisulphide, 
which dissolves' tl^ ground or precipitated sulphur, whilst the 
amorphous coatings df,;thc, sublimed sulphur globules (which 
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constitute from 12 to\33 cent. •of the subHiTied •Sulphur) 

remain insoluble ; they retain their form arftl the apparent 
volume of the sublimed sulphur is not alt^drad. Weigh 15 g. of 
the sample into each of two graduated tubes of hqual diameter ; 
previously 35 c.c. petroleum spirit had bce*i put into one, and 
35 c.c. of CSo into the other tube. Shake gently and submit 
both tubes to centrifugal action. The volyme of the sediment^ 
in the CS^j tube gives the volume of the s.ublimed sulphur 
present, the volume in the other tube ‘ihowing the total volume 
of the mixed sulphurs. , ' ^ * 

2. PYKITI'S.^ 

What is called pyrites or iron-pyrites, in a technical sensi*, is 
hardly ever* pure iron disulphide, h'dS.^, but cither a mixture of 
this with ganguc, or more frecfuently at,th*e same time with 
other sulphuretted ores, as shown by nymerous analyses. The 
iron disulphid'i may be present either as iron-pyrites proper or ^ 
as marcasite. The iro)i-pyrites cry stall is'<s in the re^lar 

system, with* parallel hemihedry, prove*! even on the fates of 
the cube by striation (Pig. 4). » 

Besides the cube, P'ig. 4 (I), the octahedron,^? (II), is fre- 
quently found, o’ften modified by the pyritohedron, h (HI), and, * 
if both are equally developed, forming the icosahedron (II). 
The combined forms IV, V, VI, as \^ell as twin crystals, 
frequently occur. The cry.stals ,arc often well developed ; but in 
the pyrites used on the large scale they arc mostly quite 
indistinct. The colour of pufe pyritds is greyish yellow, and 
easily distinguished from that of copijer-pyritts. The micro- 
crystalline pyrites of trade often shows other colours, even a 
slate-grey ; the powder is*brownish black. Its cleavage parallel 
to the faces of the cubb is not very y)ronounced ; the fracture is 
conchoidal or irregular. Hardness 6 to 61 , sp. gr. 4-83 to 5*2,^ 
Pure FeSy contains 46-58 per cent, of 'iron and 53-42 per cent, 
of sulphur. 

According to Mene, the pyrites from volcanic formations 
contains no water, but that ffom s(*dimentaVy strata botji water 
and clay. Among 'the Rrsl he .classes the yeliqw octahedral 

* • ** ■ * 

* A very complete treat^fee on pyrites lijs been published* in 1907 by 

P. Truchot : Les f^rites, Pyrites de Fer, Pyrites dd* Ctiivre,^V^\\s, chez 
Dunod et Pinat. 
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pyrites, n hifh* is stable iiii the air;«am(i^ig the latter the grey 
cubical pyrkes, which is easily transformed into ferric sulphate 
[Comptes rend., 29tt ?^pril 1867). Some descriptions of pyrites, 
in consequence V)f thejr content of water, on roasting fly asunder 


II 



^ Fig. 4. 


i^ith the force of an explosion ; this is by Klason {Chon, Zeit,, 
191 1, p. 1334) attributed to the presence of zeolites. 

According to G. W. riummer (/. Anier. (^hon, Soe.^igii, 
xxxiii. pp. 1487 ct sc^), the behaviour of marcasite and pyrites 
towards* bismuth ciyoride proves th^ botJi minerals contain 
their iroc wlx 511 )* irt the ferrous state, ^ind that their formula 
• S * • 

must hencte be : ^ 
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Feld {Z. mtgcw, on the, strength of 

experiments, explains the formation of the natural pyrites beds 
by the action of thiosulphate, in the [presence of hydrogen 
sulphide, on P"eS and S. Only a very small quantity of thio- 
sulphate need be present if the conditioiib^ are fitvourable for 
its continuous reformation. 

Manasitc crystallises in the rhombic*«ystcm, in rhombical^ 
prisms 2' with longitudinal faces /^-loo’ and and 

the end face p inclined to r at an a.^glc of 158" 20'. It fre- 
quently occurs in twin ciystals, partially united along one of the 
faces also in triplets and quadruplets, etc. (Hg. fibrous, 
bulbous, etc., varieties ; cleavage indistinct; hardness 6 to 6-5 ; 
sp. gr. 4-65 to 4 (S8 ; colour grey to yellow or greenish yelftnv, 
lighter than iron-pyrites proper; powder greenish dark grey. 
Marcasite is most frequently found in biituminous slate and 



¥ic.. 5 . 


coal, aiifl decompo.ses even more quickl)ythan pyrites, with the 
formation of ferrous sulphate and basic ferric sulphate. 

Detailed investigations on the different beliaviour of pyrites 
and marcasite have been piMished Td}' A. P.^ Brown {Ckcni. 
News, 1895, Ixxi. p. 139, and follovyingmiVi^ber^) and by Stokes 
• {Ihille/in U.S. Gcol. No, 186, 1901) and Oknow {Mctal- 

viii. p. 539). 

In the ores of comrpercc there often present, mixed with 
FeS.^, magnetic pyrites (pyrrhotite) of the formula Fe^Sy, witl) 
60'5 iron and 39*5 sulphur; colour Sefwcen brass-yellow and 
copper-red ; hajrdncss 3-5 to 4-5 ; sp. gr. 4-4 to 47. Pyrrhotite 
occurs by itself in large quantities, which have been scarcely 
utilised up to the pyesen?, bift accefrding to*Sjdstedt {Re^>. Amcr. 
Chem. Research, 1904, p* 305), Sudj:)ury pynjic 4 itc containing 
15 to 2t) per cent, sul^lihr has been successfully rcrasted, with 
auxiliary heat, i*n a powdej'ed form by^means of k modified 

Herreshoff furnace, ,for the* manufactiVe of sulphite pulp, ol 

• I 
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liquid s^lpbui* dioxide, a*.id of su'iphuf^c acid. In Eng, and 
Mm. J., Ix.^viii. X)97, this is also reported about pyrrhotite from 
Pulaski (Va), witlv2Si per cent. S and 3 per cent. Ni, but it is 
not stated whether this use has been found to answer in the 
long run. ’ * 

The copper-py} ites so often mixed with iron-pyrites is distin- 
guished from it by /'its colour, yellow as brass, sometimes as 
gold ; this colour modifies that of tlj)e iron-pyrites according to 
the degree of admixtu're. It crystallises in the tetragonal 
system, but in the* ores„, which concere us always occurs in a 
microcrystallincf form. Its hardness is 3-5 to 4-0, sp. gr. 4- 1 to 
4-3. Pure copper-pyri-tes of the formula FeCuSg should contain 
30''33 per cent, iron, 34-58 per cent, copper, and 34-88 per cent, 
sulphur; but the ores serving for the manufacture of sulphuric 
acid rarely contain beyond' 4 per cent, of copper. 

. An investigation oh the calorific value of pyrites has been 
made by Somermeier (/. Anier. Cheni. Soc.^ ipog’xxvi. pp. 555 et 
seq.y. He sumS up hiij conclusion (on p. 566 of his paper) as 
follows. P'or pure pyrites (53-2 per cent. the calorific value 
of the sulphur contained therein is 4957 cal. per gramme in 
the calorimeter, where Fe.Oj-f 6SO.^ ac} are formed, but only 
2915 cal. per gramme of sulphur on burning in the air under 
ordinary circumstances where Fe.^03 4-4S0.^ is formed. h>om 
this we may calculate, the calorific value per gramme of pyrites 
= 1557 cal. [This determination and calculations cannot be 
considered as quite exact, but only as approximately correct] 

The first application of pyrites for sulphuric-acid making is 
generally ascribed to n }f[v flill, of Deptford, who in 1818 took 
out a patent for it^ In France, Clement- Desorrnes seems to 
have made the first proposals and experiments in that way. 
His trials did not, howevCr, succeed, because he believed it 
jjecessary to increase the combustibility of pyrites by an addition 
of coal. This is both jmnecessary, with properly constructed 
kilns, and very injurious to the process, owing tojhe detriri^cntal 
action of the carbon dioxide getting into the chambers. A great 
difficultji was experienced in lightingHhe kilns. ^ So long as it 
was atternpted^to, dc this fr.om* below, like an ordinary fire, the 
thing would not work. Acj'cording to a dommunication from Mr 
Todd (Governmeht Inspector of Alkali Worlds), workman of 

hSorel attributes this hGnourto his cc^untrymao, d'Artigues, in 1793. 



61 


. FIRST APfLICATION OF PYRjTES 

his father’s in CornwalSin 1S30, accictentally discove^-cd^he way 
of lighting the kilns from the top, such as is practised to this 
day. ticnerally, however, the principal ihcfit of introducing 
pyrites is ascribed to Messrs Ferret and Son, of Cl^essy, ^ho were 
led to it by the necessity of desulphurising their cupreous 
pyrites previously to getting the copper, and of condensing the 
gas evolved. There was no question thoq of supplanting the 
Sicilian sulphur generally. Ferret and Son, v/ith the greatest 
care, inquired into all the conditions, neccs.sary for a proper 
combustion of the ore ; ijnd i^them thejiono'ur is due of having 
overcome all the difficulties opposed* to the •iolutiiin of this 
problem, and of having rendered the process technically useful. 
Already in 1833 they had burnt iron-pyrites successfully; ?fnd 
in a patent* dated 20th November *1835 they described their 
process, to which their partner, 01ivit?r, is sijid to have given the 
first impulse. In 1837, Messrs Wehrle and Braun, in Bohenda, 
used pyrites for generating sulphuroys acid (Otto, LcJirbiich der ^ 
CJicmic,\\\\ cd. iii i, p.‘ 545); but, according to-* Bauer 
p. 6), I. Brdn had introduced this process into Austila (at 
Lukawetz) already tn 1833— that is, at the same time as Ferret. 

These trials at making sulphuric acid from pyrites possessed, 
however, only local interest ; and probably for a long time no ‘ 
general attempt to do away with Sicilian brimstone would have 
been made, but for the Neapolitan Goverjiment, in 1838, being 
induced to grant a monopoly /or the exportation of Sicilian 
sulphur to the Marseilles firm of Taix and Co. This firm at once 
raised the price of brimstone Itom ;f5 to ^^14 per ton, and thus 
would have given a fatal blow to the yia^nifacfure of artificial 
, soda-ash, just then beginnjng to take a firm hold, if no other 
source of sulphur had been known, ancj if such an unnatural 
measure could have bceji carried oA at all. But the attempt 
came too late— just after Ferret and Son had proved that the^ 
pyrites occurring in most industrial countries may be used for 
vitriol* making without any difficulty. The result was to be 
foreseen. Once* the discovery of a new source of sulphur had 
become a matter of necesfiit/, therS were, uuthin twelve ^nonths 
from the rise in the pricc*of*brimiitoi|e, fifteon patents taken out 
in England for' burning •pyrites for^the purpose of making 
sulphurous acid, j?nd even a l^arger number^ fop making sulphur 
from pyrites, gypsum^ etc. 
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AcccSrdivi^ to Miispra^t’s CJiciKistryfi (vol ii. p. 1023), Dr 
Thomas Thomstm was the first in Kngland to point to jpyrites 
in this crisis ; but m6;it probably many others at the same time 
turned tb it. "^o mjuch is proved — that Thomas Farmer, of 
London, was the first in England who employed {)yrites on a 
large scale (in 1839) for the manufacture of sulphuric acid 
(Hofman, International Exhibition, 1862, 

Class II., Section A, p. 12). ^ 

Mr E. K. Muspratt spates that his father, in 1839 and 1840, 
used large (piantitles of , Wicklow afid Welsh pyrites at Liverpool 
and NewUm, the cupreous cinders being sent to the Sutton 
Copper Company at St Helens. 

^In Germany the Oker works, at the Rammelsberg, near 
Goslar, seem to have been the first who calcined the local ore in 
such a way as to convert the sulphur dioxide given off into 
sulphuric acid in acid-clvimbers ; and otlier smelting-works, such 
as those at Freiberg, followed their example, dn these cases 
the^s^asuns wer'e, not only tliat at a comparatively small expense 
sulphtiric acid could be obtained as a by-prod'uct from the 
sulphur dioxide otherwise lost, but also that the acid fumes 
destroyed the vegetation of a large district round the works, and 
that means had to be taken for preventing this, apart from any 
consideration of profit. 

The Sicilian bripistone monopoly certainly did not last 
long ; diplomatic pressure on the part of England soon led to its 
abolition ; and with the lowering of the price of brimstone most 
works at first returned to its em|hoyment. But the ice was now 
broken ; the cohvicti9n Jiad been gained that it was possible to 
make acid without Sicilian brimstone; the owners of pyrites-, 
mines took pains to aclvance the use of pyrites by low prices ; 
and thus, in the course of tfie next twei^fy years, brimstone was 
gradually, but steadily, driven from its place in sulphuric-acid 
making, in proportion ^as, on the one hand, it became dearer 
from the causes above mentioned (disease of the vines, etc.), and 
as more pyrites-mines were opened out. In 1852 brimstone 
was nojonger used m Lancishire,'‘bufr on tlje Tyne 75S0 tons of 
it were still bifrnpd.* Aboyt i860 or a littfe after this process 
ceased, and since that tinfe no alk^io\ias been mantifactured 
in Great Britain*with the employpient of brimstone, although 
the latter, as we shall'* seo later jn, is employed a good deal 



INTRODUCTIOM OF CUPRIFEROUS PYRITES . 63 

• I 

even now for the nup-nufacture sulphuric a^cid*in that 
country. • 

The decisive point in favour of the iisg'of pyrites was this, 
that continually increasing quantities of ciij^rifefons hf^n -pyrites 
came into the market, from Spain cspeciall)# (first fn 1859), but 
also from other countries. These had in any case to be burned 
and their sulphur expelled before they •^ould be worked for 
copper. Already with Perret and *Son this had been the 
stimulus for their efforts; but the use. of such pyrites has in- 
creased on a colossal scije in^consequeijce of*thc opening out of 
the cupreous-[)yrites mines in the Sofith of Sj^ain, ig Portugal, 
and in Norway. In luigland non-cuprcQus iron-pyrites is now 
all but out of the field, and has been supplanted by cupreous 
pyrites. This has been the case to a less extent in Prance 
and Germany, because they possess tnines^of rich iron-pyrites, 
which in England arc not numerous; but even in those 
countries mor(i cupreous pyrites is i\pw used. In 1867 pyrites 
had almost entirely supplanted brimstone in Prance as ^aw 
material foi« acid-making in the large industrial centres 
{Rapport (hi Jury hitcriiational^ Expos. Uuiv, r/r* 1867, vol. vii. 
p. 19). In Germany this .state was brought about somewhat 
later, but quite as completely. Only during the years 1871 to '' 
1873, when the price of pyrites had risen very high, a few 
factories in Hanover, in Hamburg, and Stettin temporarily 
returned to the use of brimstoiic (Hasenclcver, he. eit. p. 155) ; 
but with the lowering of the prices of pyrites this was given up 
again. Spanish pyrites begaifto be ifscd in Germany in 1877. 

Thus, starting from the use of ordii^ry iton-pyrites, that 
of cupriferous iron-pyrites^has followed ; and to this was added 
the employment of other sulphurous ^rcs and of the inter- 
mediate products ofVsmelting — fd* instance, coppcr-rcgulus 
(“ coarse metal ”) at Mansfield and Swansea. The first chambers^ 
working with SO2 from the metallur^cal treatment of copper 
and l«ad ores were started at Oker in 1859, at Freiberg in 
1861. The Freiberg works employ for this purpose even poor 
lead-matts with about pd* cenf. of sulptmr, which {prmerly 
was thought ifiipos§iblc ^Bdde, lieitrage ziin Thco$ ic und Praxis 
tier Schwefclsaurcfabri^iiion, 1872,!). i). We shall further on 
describe the aj^plication of other sulphur«ores a^)art from 
pyrites proper. 
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principal sources pyrite^s w^.l now be enumerated 
without separating the cupreous from the non-cupreous, because 
no strict limit can be drawn. Some kinds of pyrites contain 
so little dopper^ (below i per cent.) that it cannot be utilised; 
and these go with t 4 ie totally non-cupreous ores. 

Great Britain possesses several deposits of pyrites, but 
none of very great importance. 'In Cornwall and Devonshire 
pyrites of the following compositionp's found: — 


Pattinson. 

Clapham (S analyses). 


Sulphur . . 

27-00 

, 24-013 to 

34-880 


Iron ^ ^ 

2269 

27.076 „ 

60-676 


Copper 

2 00 

0-400 „ 

4-600 


Lead .... 

trai'c 

0- ,, 

7-446 


Zinc ... . ^ 

'•23 

O- M 

9-086 


Lime .... 

0-22 

(jypsum 0- „ 

0-596 


C'arbonatc of Lime 



3-579 


Ma^mcsia . 

0-12 




Arsenic 

o- ;2 


1-160 


Insolul)le (silira) . 

45 -bo 

2-000 ,, 

38-676 


, Oxygen as f'e.j(.) ;. 

0-13 




Moisture 

064 




'• 

9b’95 




Cleveland pyrites (from 

the 

Vorth of Yorkshire) is 

only 

used in a local factory; in 

1874, 500 tons of it were obtained. 

Composition (according to J 

^attinson’s analysis) : — 



Iron disulpliide . 


. 

52-12 


(correspond 

mg to 2 

7-1S sulphur) 



Iron protoxide . 

• 


11-92 


Alumina. . 



<S-io 


Lime . . 



0-27 


Magnesia 



t-oo 


Carbonic acid . 



2-40 


Insoluble in acid . ^ 



I I-I2 


Water . 



12-86 





99-79 


In Ireland there are large bedj 

of pyrites, especially ‘in 

the 

county of Wicklow ; and 

up to 

about 1862 this 

Irish 

ore 


supplied a very large porticih of the «pyritf s used in England. 
In i860 still 40.000 tons of it were *impo*rted 'into the Tyne 
River; bat in 1863 the importatioi^ tf?id fallen to 4OOO tons, 
and has long since ceased entirely. The sa*me has been the 
case in Lancashire; -and. only ^ few works in Ireland itself 
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burn this kind of pyritcif. I* is founclin the county of Wicklow 
in beds from 6 to 50 ft. in thicknes.s, which overlie siliceous 
clay-slate. The beds go down to depths of §0 to loo fathoms. 
The bulk of the ore contains only 30 to 35* (^cr cent. of. sulphur. 
A small quantity only of richer ore (analyse# <7, has been 
found in the valley of Ovoca. The Irislt ore is too hard and 
slaty and does not burn wel! ; it requirf^ a great heat, and 
consequently deep kilns. , It nearly’ always contains copper* 
but rarely sufficient to pay for extracti.ng it, from which stand- 
point the following analj’.scs tnust be judged 



rattiiison. 


- - -- — 

Claiiham. 








Sul]jhiii . * . 
lion . 

Copper 

Lead 

Zinc . 

1 Aistnic 
j Lime 

j fn-oluble . , 

j iMoistuie . 

1 Oxygen as F ) . 

Cl. 

44.20 
40.52 
0.90 
1.50 
• 3 ’ 5 i 

0-33 . 
0*24 
8.80 
0-09 

0.^5 

Ik 

40.410 
32.222 • 
4-133 
2.9(13 

17-676 

• 

42.128 

. 35-000 

2.400 • 
i.^o 

• 0-602 

18.6^6 

d. 

37-975 
• 34-650 
2.400 
1.080 

0-400 

• . 

22.500 

• - 

e. • 

34-676 

42.400 

r -333 

I-S 94 

0.183 

20.000 

I 

1 

•100.34 , 

97-404 J 

100.406 

99.005 

100-185 


In /( rt/i’f (in the Cae (’ocli Mine) pyrites is found entirely 
free from arsenic, according to L)rinkwat(*r (J. Soc Chein. Ind., 
'^^ 5 . P- 53 J)- It contains 48-3 per cent, of sulphur, and is 
used for manufacturing very i*ure oil of vitriol. 

A certain quantity of pyrites is picked frym coals, ancl is 
, known as ioal-bnu^,es. If quite ffee ffofii coal, they are very 
rich— according to R. D.-’Thomp.son (in Richardson & Watts’s 
Lhemual Tcchuology, rol. i. jrt. iii.jo. i^), 53.55 sulphur, 45-07 
iron, 0-70 manganese, ( 3 - 8 o silica ; but practically they cannot be 

0 tamed in this state, and the carbonaceous matter adhering - 
to them causeii, very much trouble ill the vitriol chambers 

1 heir principal W in acid-making is for lighting the burners . 
w for pttmg up their Jiea* if i|| has gone down. Mr G. E.' 

avis informs me*that*cofil-brasses with .44 per cent! S and 
some carbon can he Ijuiipt in oreWnary p'yrrtes'-kilns, and, if 
poper arrangements ^e made, yieli* perfectly elear acid from 
e over tower. Apart 7 rom this ttiej’ are work*ed up by 
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weatheifing/or copperas ar.id Veiieftian i ed, and this is probably 
the way in wh<ich most of the quantity obtained in England 
(10,000 tons in 1874^^ is consumed. 

The total ptiodu'cljion of pyrites in the United Kingdom was 
25,401 tons in i88r.; 27,829 tons in 1886; in 1887, 22,079 tons; 
in 1888, 23,507 tons;' in 1889, 17,719 tons; in 1890, 16,018 tons; 
*895, 9193 tons; 1896, 10,177 tons; 1897, 10,752 tons; 1898, 
'12,302 tons; 1899, 12,426 tons; *1900, 12,484 tons; 1901, 
10,238 tons; 1902, 9168 tons; 1903, 9639 tons; 1904, 10,287 
tons; 1905, 12,186 tons; 1906, 11,140 tons; 1907, 10,194 tons; 
1908, 9448 tons; 1909, 8429 tons. 

The importations of foreign pyrites into Great Britain during 
thee years 1862 to 1887 quoted in our second edition, Vol. I. 
p. 32; those of the years 1888 to 1900 in our third edition, 
Vol. I. p. 42. Here we shall give the figures for the years 1906 
to, 1910 from the Bluebook (Annual Statement of the Trade, 
etc.) for 1910. The figures denote tons of ircyii and copper 


pyrJ^es 


Inipuitcd fit 11 

l'J 0 () 

iyo 7 . 

lltus. 

I'JO'J. 

IDIO. 

Svvetltn .... 

9.999 

7,561 

506 

• 685 


Norway .... 

64,530 

70,288 

66,767 

79,168 

90,935 

France .... 

21,560 

19.255 

15,190 

35,149 

47,522 

Portugal .... 

55.907 

84,622 

73,342 

78,966 

79,383 

Spain 

566,^55 

566,166 

563,906 

540,485 

537,972 

Italy .... 

2,676 

• 

6,550 

16,980 

10,001 

Venezuela 



1,300 

1,100 


Chill .... 

3,271 

... 

4,912 

986 


Ofher foreign countries 

5,906 

h ,905 

2,704 

4,998 

7,346 

Total from foreign countries 

730,364 

749,818^ 

735,177 

758,517 

773,159 

,, British possessions 

28,960 

19,323 • 

23,733 

32,551 i 

39,088 

Total 

‘ T" 
759,324 

769,141 

• 

> 5 «, 9 io 

791,068 

812,247 


The exportation of pyrites from the United Kingdom is 
practically nothing. 

The most impoivant G avian p^riU^s-bed is that of Hleggen 
in the ^iegen, district, in Wesjphalta, *3 mftes frt)m the Alten- 
hunden Station on the Rtthr-Sieg r*ijf/ay. This bed occurs 
along witji h&avy spar 'in the so-called “ K*ramenzel ” ; it is 
known for a length di^200q fathoms, and its thickness changes 
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from J to 3 fathoms^ (Wii^mer’s }aJircsbcr., 18(^5, 221). 

The same authority states it to be “grey irofi-jjyrites,” quite 
uncrystalline, free from arsenic [?]. The maits of ore above the 
bottom of the valley is estimated at 4! ijiillioil’ tons how far 
the ore descends below the bottom of tlie valley is as yet 
unknown. * 

The ore has not an attractive outward appearance ; its 
colour is slate-grey ; but it, burns very well in the kilns, and it 
would be even more valuable if the zinc contained in it did not 
prevent its burning com^Metely. 01der^anal)?.ses of it are given 
in our second edition, Vol. I. p. 35. Here I qijt>te naore recent 
analyses made at the Rhenania Chemical Works, as furnished 

to me by Dr R. Hascnclever in 1902 : — • 

• • 



. 

• 





A \ (!j ago. 

(j.ingiie • 

12-02 

12.96 

12.0 

Sulphur . . .• 

41-94 

4.3-42 , 

40-0 to 43-0 

Iron .... 

34-92 


35-0 

Zinc . • . 

7.56 

5.81 

7-0 

Lc.id . . . 

0-38 

not. cbtinialed 

0-3 to 0-5 

Lime . 

0-50 


• o-i ,, 0-5 

Aiscnic. 

• 

tr.ice 

0-0$ 

trace „ 0-05 

To.il 

97-32 

97-8o 



The average represents I2*pcr cent.*gangue, 75 per cent, 
iron-pyrites (FeS.J, 10-5 per cent, zinc-blende (ZnS), together 
9 ;' 5 . ‘ 

Jurisch {Schwefclsaure fabrikatwn.j^]^ 14 ft seqk) quotes a 
number of analyses of W(,jstphalian pyrites, by h'. Quincke, for 
the year 1892. In these'the sulphur varied from 41 to 4675 
per cent., iron from 29*55 36'i6\jer cent., zinc from 8-2 to 

19-4 1 per cent. (I exclude two .samples containing 27-58 and 
42-05 per cent, zinc, which are more correctly classed as blende 
than as pyrites)^lead from 0-3 to 1-7 per cent., arsenic from o-i to 
0-2 per cent., besides silica, alumina, lime, magnesia, manganese, 
alkalies, and small quantkiesfof otRer subst&nces. ^ 

The same source quoles* analyses of pyJittj^ from Bensberg 
(46-86 per cent. S), Aadien (46-0* ger cent.), Rammelsberg 
(44-65 to 48-4 pei^cent.^ Frejberg (52-20 per ctnt.*). • 

The following is a complete analysis by Fresenius of ore 



68 


RAW MATERIALS 


from the .Philippine pk belongcng Ao the Sicilia Mining 
Company at M'eggen, made in 1898: — 


Iron . ' , f 

34-89 

"/.inc . 

8-38 

Manganese; ..... 

0 -H 5 

Cobalt and N/.ckcl .... 

0-024 

Lead ...... 

0-298 

Alumina ^ 

trace 

Lime . . ■ . 

1-41 

Magnesia ..... 

0-75 

Sulphur ..... 

44-55 

Arsenic » . . 

0-07 

Carbon^dioxide ' ^ . 

1-90 

Phosphorus peroxide .... 

trace 

Gangue ..... 

Oxygen as Sulphate, Thiosulphate, etc., and 
traces of other substances . 

5-83 

1-743 


100-000 


, Ihcre are smaller beds of pyrites in several other places in 
Germany, such as those ijear Goslar, near Scluvelrn in West- 
phalia, near Merzdorf in Silesia, etc. 1 heir production is only 
smalNcompared with that of the Meggen pyrites.* The pyrites 
of the Rammdfiberg in the Harz, accordin[j to Mene, contains 
48*4 per cent, of sulphur (probably only picked lumps). The 
cupreous pyrites of the same place is stated by Hilgenfeld to 
contain : — 


Copper .... 

12-22 

Lead . 1 . . 

2-43 

Iron . . . ‘ . 

39-10 

Zinc, Manganese, Cobalt, Nickel 

1-23 

Arsenic . . ' . 

0-18 

AntimOi-^y .... 

o- 1 6 

Sulphur '. 

44-65 

Selenium, Ihallium, Indium, Bii^muth 

. traces 


99-97 


The bed of Schwelm in Westphalia, *in the Devonian forma- 
tion, has a thickness ai from 10 to 33 ft., over a surface of 
nearly 150 acres, and is covered by rich iron-pre ; the pyrites 
itself consists of two-thirds powder mixed withVell-crystallised 
pieces. ^ The ore contains about 4b pcir cent, sulphur, and more 
or less clay,, which is removed by ^Vashitig; After this it is 
sold to the vitriol-makers, Who like iU o^/ accouht of its freedom 
from arsenic /, ccxxyiii. p. 283); Hjelt, however, 

found more arsenic in, ft thfin in Meggen pyrites. 
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On the island of \\ 4 ollir>a pyritc*-bed is foimciin^ bed of 
marl Ijelonging to the chalk formation. • 

A great drawback to the German ores is the presence of 
zinc, which retains a considerable quantjty of sulphftr in the 
state of sulphate. In Silesia 14 per cent of zinc i 5 allowed as 
a maximum ; upwards of this for each percent, of zinc the same 
quantity of sulphur is deducted from thc*in voice (Kosmann, in 
Fischer's J(xJireshc} [886, p 268). 

The production of German pyrites during the years 1853 to 
1886 is quoted in the second edition.of this work, Vol, I. p. 
38; that between 1891 and 1897 by Tlasenclet^er, Ghcui. bid., 
1899, p. 25. The maximum production in 1874 was 143,476 
tons; the average of those ten years is about 130,000 t«ns. 
The production was 133,302 tons in 1897, 136,849 tons in 1898, 
14.1,602 tons in 1899, 170,867 tons in* 1903,,! 74,782 tons in 1904, 
185,368 tons in 1905, 196,571 tons in HjfdO, 196,320 tons in 19^7, 
196,971 tons ifi 1908, 198,688 tons ii^ 1909, and 215,700 tons in 
1910. The importation of foreign (chiefly Spanish) pyrites hUo 
Germany inctcased from 238,643 tons in 1891 to 357,01/ tons 
in 1897, all of this for sulphuric acid. In 1898 •it was 376,817 
tons; in 1899, 437.732 tons; in 1900, 457,679 tons; in 1901, 
488,632 tons in 1902, 482,095 tons ; in 1908,643,487 tons; in’ 
1909, 679,647 (ons ; in 1910, 792,000 tons. 

The exportation is small: in 1898, 19,219 tons; in 1899, 
16,985 tons; in 1900, 24,936 tons; in 1901, 23,680 tons; in 
1902, 35,370 tans. 

Austria-Hungary possesses large beds of pyrites • at 
Schemnitz and Schin()lnitz in Hungary, 411 StJ-ria, and Tyrol. 
The pyrites from Schemnjtz contains on an average 47 to 48 
per cent. S, 39 to 40 per cent. Fe, 0-58 p(;r cent. Cu, 1-5 to 2 per 
cent. Zn, besides lead, silver (81 g.tper ton), and gold (2-2 g. 
per ton). Schmtilnitz ore contains 44 to 48 per cent. S, 0-4 to 
0-6 per cent. Cu, 2 to 3 per cent. Zai. Jurisch (from whose 
ScJnuefelsdurc-ffhnkatwn, p. 18, the above is taken) quotes an 
analysis of Schmolnitz pyrites with 48-89 per cent. S, 0-32 per * 
cent. Cu, 0-14 ger cept. A.f ; ;^,ooot)r 80,000 tons of this* pyrites 
are obtained per annum. * * • ^ t ^ • 

At ETavidsthal, in ^iHbmia, pyrites is found containing 49 
per cent, of S with 6 per cenC carbon. It is imed for*manufac- 
turing SO3 by the contact process. • 
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In Tyro} pyrites is fourid testing 40-(5 to 41 ‘3 per cent. S. 
in Styria (R^edl, Zeiischr.f d. chem, Grossgewerhe^ ii. p, 567) ; 
in the Saun valley, a number of beds of very pure but easily 
decompo'sable ‘pyrites occur in the clay porphyry, with a 
percentage of 48 to 52 of sulphur. It is used in the chemical 
works at Hrastnigg and in Bohemia. The production is about 
3000 tons per annun?«^(/v>r//rrb' jahresber., 1886, p. 255). 

In Sivitzcrland^ in the Canton of Wallis, a pyrites is obtained 
which does not seem to have found any technical application as 
yet. Its composition, Recording 'to analysis made in my 
laboratoryj is J- 

.Sulphur . . ^ . . . , . 5046 


(of this 0*05 as lead sulphate in the insoluble residue) 


Iron . . . ' . 

■ ■ 44*55 

bead . . . 

0*37 

i.ime . . ’ . 

M3 

Magnesia . » . 

O-II 

Carbonic acid . . ^ . 

nor 

Silica, Ir()r\ peroxide, Alumina . 

170 

* (insoluble) 

Moisture .... 

040 

c 

0 Q 73 


In Poland pyrites occurs together with blende, containing 
some thallium (Antiporo, Fischeds jahresber,^ 1897, P* 

In Belgium a rich pyrites is met with, the great friability 
and softness of which do not tell in its favour. The following 
are analyses of this pyrites : — 


’f 

a 


■ 

d. 

e 

/. 

Suli)hiir 


42-80 

35*50 

46-20 

45-01 

50-00 

45 *ho 

Iron 


36.70 

38.60 

4 b- 50 

39-68 

43-6i 

3872 

Ferric oxide , 


7 - 23 , 

4.24 

2*24 




Oxygen in feriic oxidt 


... » 



0-32 

0-18 

6-00 

Lead 


0 <J2 

0.O5 

0 - 4 1 

0-37 

... 

... 

2inc 


0-40 

5*26 

0-22 

I -80 

1*75 


Arsenic . 


0-20 

0-31 

041 

ti ace 

liace 

trace 

Thallium 


1 trace 


... 

t! ace 



Alumina 




1 ... 

...0 



I Silica . 


i 8-86 

14 -go 

1 g-io 

12-23 

2-85 

9-00 

1 Carbonic acid 

k 1 


r ••• • ! 

' «•” 1 


1 1 


/ Calciuifi carbonate 

i' 

0-84 

trace ‘ 




O-II 

Lime . . < . 



0 ... 1 

0-25 

0*92 


Water « ^ 



o*s6 


0-2.5 

0-14 1 

I 0.36 





X 

1 


1 

1 fota! 

^1 

r « 

rco.o2.» 

• 

90-^6 

99*91 

roo-i4 

! 99*59 
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{a, b, and c by Clapb^m ij;i Richarjjson and Watt’s Chemical 
Technology, vol. i. part iii. p. ,4; d, pyrites, from Rodteux 
near Spa ; c, from Santon’s pit on the Meuse, both by Pattinson 
loc, at. ; f, by MacCulIoch, Cheni. News, xxVii. p. 125). • 

The Belgian pyrites is usually only got.as a by-product in 
obtaining lead- and zinc-ores in the provinces of Liege and 
Namur; it is either microcry^alline or crystalline, or in bulbous 
pieces with a concentrically fibrous structure. Its quality varied 

very much. It is mostly used locally and in the north of 
France. • 

In i860 as much as 42,513 tons'of pyriics wa,s got, but 
this was the maximum attained. In 1879 still 15577 tons 
were procured, but hi 1880 only 7913 toms, and in 1881,3965 
tons. 1 he ‘production remained attout 2000 or 3000 tons for 

a number of years, but since- 1898 it haS been altogether 
insi^jnificant. • 


In France ihc principal depo.sits of pyrites are those of ‘the 
Rhone (Chessy and ^>ain-Ikl) and of the S»uth (Card inu^ 
Ardechc). .The Rhone beds exist on both banks of the 
Brevenne, a tributary of the Saone, on a widlh^f 4 or 5 miles. 
The bed on the left bank is that of Che.ssy, about 6 miles long 
and several yaVds thick. This pyrites is bright j’cllow, very, 
crystalline ami friable. When first got it contained 4 or 5 per* 
cent, of copper ; but the cupreous vein has run out, and the 
n^on-cupreous ore on this sidejias nearly cea.scd to be worked 
The beds on the right bank are those of Sain-Bel or Sourcieux’ 

1 he northern part furni.she.s » more Compact ore than that from 
Lhessy. Most of it is non-cupreous, but thoTe is also a vein 
, with 4 or 5 per cent, copper; thc’gangiic is mostly sulphate of 
baryta. Much more imilortant is the southern part of this bed 
the “masse de Bibosy- The orcH's hme very rich in sulphur,' 
green with yellow reflection, and very friable, so that there is 
a most as rnuch smalls as lumps; lhe.gangue is almost entirely* 
siliceous^ Thii beds in the South of P rance are more numerous, 
u much lass Important. 'I he most considerable mine is that* 
of baint-Julien-de-Valgplgaes, ii* the Difpartment du Card ■ 
there is another rhinc ‘at Soyops, in the JVrdcqJie. fhe other 
rench-mines ire of Xttk importance. A d^tailcd.flcscription 
the Prcnch .pyri(fs-mines has Been givpn ‘by .Girard and 
Morin {Comytes rend., 1S75, kxxxi. p. ITivs. [s] 
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vii. p. 229) ; from this paper thet rollowing apal3^ses are 
extracjtccl, which seem more trustworthy than those by Mhne, 
given in the ist edition of this book, p. 92, from the Monit. 
SetenL, 1867, p. 410. 

These analyses may be summed up • as foHows : — The 
pyrites from the Rhone and Sain-Bel, on*an average, contains 
46 to 4S per cent of sulphur and 10 to i2»^et cent of gangue, 
consisting of clay, sand, and barytes. In the southern part of^ 
the district of Sain- Bel the percentage of sulphur rises to 50 or 
53, and the gangue is inconsiderable ^nd R*cc from barytes; 
arsenic is not present in quantities sufficient foi* determination. 
In the district of St Julicn (Le Gard) pyrites is not found in 
the clay-slate, as at Sain-Bel, but in the Lias or Trias ; ^he 
sulphur varfes from 40 to 45 per cent. ; the gangue is calcareous, 
and varies from 3 to 6 per cent.*; arsenic [s present up to o-i 
per cent., sometimes also fluorspar in ^luantities sufficient for 
estimation. T 4 ie pyrites from Ardecjie contains from 45 to 50 
per cent of sulphur ; the gangue is clay, free fronf lime ; arse.fic 
occurs up to *0-3 per cent.; fluorspar sometimes occurs hi in- 
jurious quantities; tlie hydrofluoric acid given offtfrom it in one 
case destroyed the glass apparatus for spreading the nitric acid, 
and the latter "hus got to the chamber-bottom and corroded it. 

In 1874 there were used in France 178,400 tons, of the 
value of £240,000. Of this the beds of Sain-Bel, which supply 
two-thirds of the French factaries, contributed 120,000 tons, 
those of St Julien (in the department Gard) 24,600 tons, those 
of Le Soulier (Gard) 6000 ton^ those of Soyons (Ardechc) 900 
ton.s. Girard and Morin give twenty-thre^ anal'^'ses of French 
and five of foreign pyrites psed in France. 

According to Scheurer-Kcstner (Wurst, D/ct. de Chiniic, ii. 
p. 138) the pyrites froni^Chessy and Vain-Ikl contains 45 to 48 
per cent, of sulphur with very little arsenic and selenium, that 
from Ches.sy also i or 2 per cent. of*copper and zinc. The 
copper* is obtaii>ed from the cinders, at least at the Chessy 
works, by allowing them to lie for a time and moistening them : 
the liquid running off conlsiin? copjftr and z^nc sulphate^; and 
the copper is got from it*by cementgition. ^N^ariy all French 
works, as Veil as tho.se ^ Alsace ancf Switzerland^ obtain their 
ore from those two* pits ; onl); |hc works at Gard and Marseilles 
get it from Alais, where the pyrites contaiiis ^8 to 42 per cent. 
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of sulphtir ; few factories in the iv^rthtof France use Belgian 
pyrites, those iif the south use Spanish pyrites. 

The production of pyrites in France was : — 


1891. 243,030, tons. 

1901. 307,000 tons 

1892. 226,(504 

„ 

1902. 318,000 

j, 

1893. 227,283 

5, 

1903. 322,000 

5, 

1S94. 278,452 

,, 

1904. 271,000 


1895. 248,93*4 


1905. 267,000 


1896. 295,325 

,, 

' 1906. 265,000 

5 ? 

1897. 298,571 

,, 

1907. 283,000 

,5 

1 898. 306*002 

V 

1^08. 285,000 


1899. *513,087 


1909. 273,000 


1900. 305,000 

}J 




•Italy possesses beds of pyrites in several places. Those 
occurring in the province of Bergamo, tested in Vi*cnna (Wag- 
ner’s i^7Q, p. 272), itre composed as follows : — 


* 

Rodolta 

tji^rry. 

Pansovra 

(luarry. 

• 

S. Guisoftpe 
pit4 

Vallantica 

I>iL, 

Iron K 

36*29 

41.72 

48-35 • 

36.79 

Copper .... 

Zinc . . * . . 

tr.icc 

trace 

tiacc 

, 0*07 

o-i8 

1*69 

Lead 




trace 

Silver .... 



•*> 

0.014 

Sulphur .... 

39-32 

44-36 

30-97 

41-56 

Arsenic 

0-53 

0-14 


o*i8 

Alumina . 

2-37 

1.28 

1*86 

1-25 

Lime 

5-89 

0-88 

1*70 

0-37 

Magnesia . 

0*66 

0-39 

0-14 

0*10 

Silica 

7.16 * 

9-68 

10.45 

16*40 

COo, 0 and HJ) ([.} diff.) 

778 

1-55 

_t 

6-28 

1*646 

Total ^ . 

• 

100-00 

• • 

100-00 1 

100-00 

100*00 


In the Val d’ Aosta there are several mines, some of which 
contain a strongly arsenicc'^l pyrites. 

Those at Brosso, near Ivrca, belongnig to Messrs Sclopis & 
Co., yield pyrites contaifiing very little arsenic: present output 
about 20,000 tons per annum. One quality contains 48 or 49 
per cent, of sulphur and o-2 of arsenic, the oflicr nearly 50 of 
sulphuj' and only ‘traces ( 3 i ars(*nic* It is too explosive for 
burning in lurfnps. Cut excellent foi^bifrnin^ as srhalls. Another 
mine is at Pre St Didier iil the same<v^^^ley. This Aosta pyrites 
mostly requires special contrivance's for^ettiil^ rid of the arsenic 
in burning; the cin^^i's ar^L^ worked for copper, silver, and gold. 
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Pyrites in quantity i« als® found a* Agordo (Cadore^, Sestri 
Levanjc, and of very good quality in Sicily. TAe whole of the 
24 Italian sulphuric-acid works burn pyritets, partly imported 
from Spain (Candiani, Chem. hid,, 1895, p^ 1*53) ;Mione 'of them 
burn brimstone. » 

The production of pyrites in Italy was; — 


1897 


• • 57,3^3 tons 

1898 

1 

66, 1 20 „ 

1899 


75,308 „ 


In 1910, Italy produced 135,628 tufis ordinary and 30,060 
tons cupriferous pyrites. ’’ 

Siuedish pyrites, from P'ahlun, varies between 43 and 48 per 
cent, of siilpjiur. This ore is obtain^xl as a by-product in the 
getting of copper-ores, and is said^to exist in eiiormous quantity ; 
but, owing to the difficulty of transit, its c«xportalion docs not 


It is said to burn well. 

• 


• 

• 

• 


Aim lyses of Su 

^edis/i Jiyi/tes. 



I’lllt IJISOII. l]j()V\ 

ell Mai 

Sulpluir .... 

4370 

38-05 

lion 

39-01 

42-80 

Copper • . 

0-60 

1-50 

Lead 

Q-I2 


Zinc 

'-^‘57 


Lime 

0-85 ♦ 


Magnesia . . . .• 

0-69 


Arsenic 

trace 


Insoluble . . f 

ri-66" 

12 16 

Oxygen, as FeX>; 

"‘"•j ^nd loss 

} 549 

Water . . . . 

0 20 



9^-62 • 

100-00 


The exportation of pyrites from Sweden in the year 1909 
was 16,104 * 

\\\*NorW(i!y there exist very large beds of pyrites, many of 
them containing copper. Of the many pits formerly worked there, 
all those had to stop whi(^i pToduc?d ores w*ith only froan 35 to 
40 per cent, orsulpliur. *Th*c richei\ores, evcn^tlmsc h'ec from 
copper, ffave maintain^ ttieir position to some extent, because 
they burn well, are easily Ijghted, keep the heat W(?ll, do not 
scar,” etc. They are mostly* hard and difficult to break. 



76 


RAW MATEUJA*LS 


most ccflisi(Jerable pits art those o^ Ytteruen, which export vid 
Drbntheim ; trtey supply 6000 to 8000 tons per annijm. A 
large mass of cupneous pyrites, with 45 per cent, of sulphur and 
3 of copper, at'Vigsn^cs, was worked by an Antwerp Company, 
but is now 'exhausted, Norwegian pyrites contains very little 
arsenic. Other [)its exist thirty miles from Drontheim, on the 
Hardanger Fjord, n^^ar Bergen, etc. The Norwegian pyrites is 
more in favour as a sulphur-ore (excepting its difficult break- 
age) than as a copper-ore; its cinders do not very well suit the 
cepper-works. ‘ , 

• Analyses of Norwegian Pyrites. 


• 

IVaLtinsoii. 

MacC'iiIlocli 






• 

ore. 

r 

UtoiiUu'iiii oi** 

1 

II. 

sulphur 

^4-50 

50-60 

46-15 

38*17 

lion . 

39-22 

4p62 

4P20 

32-80 

Copper 

1-84^ 

ti.ue 

I -2^ 

I-IO 

?iknc • 

1.18 

104 

2-10 

2-32 

Lead .... 

« 

ti .ice 



Lime .... 

2-10 

liai e 



Calcium C.irhoii ije 



* 2-55 

1 1.90 

Magnesi.i , 

0-01 

tract' 



Magnesium Carbon ite 




1-08 

Carbonic .icitl 

1-05 


.!. 


Arsenic 




trace 1 

Insoluble 

9 -08 

3-15 

3-20 

12-20 1 

Oxygen, 

0-45 



... 

Moisture 

» 0-17 

0-20 

_ji 

0-40 

0-25 

1 

Total . . J 

^ . 1 

roo-r6 

99-91 

€ 

99-80 

99-82 


The followiiYg information is due to Mr Knudsen, manager 
of the Sulitjelma mine (through D,r 1 lasenclever). Norway^, 
exported in 1901 abou^' 90,000 tons pyrites from the following 
pits : — I 

Sulitjelma, near Bodoe . 35 to 36,000 tons with 45 p.c. sulphur 

Killingdal .... 25,000 „ 43 to 44 p.c. sulphur 

Roros, near Trondhjem . 15,000 „ 43 ,, 44 ,, 

Bossmo „ . 15,000 „ 4^ „ 50 „ 

By .far the largest min? is the first-rnentioned, which is 
expected^ to yfcltj an additional 20, bod or 25,006 tons in 1902 
and is reckoned to last fjr centuries ^me. It contains very 
little arsenic. Much^ore, richer in fopper and^poorcr in sulphur, 
is ^Iso smelted on the#5|3ot.* The (?re from Killingdal and Rdros 
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is also cupreous; and ^at from Boisma is free fern 'copper, 
with traces of arsenic. The following mines arc not yet vvorl<ed, 
for want of railway communication : — Foldal, Vaarteigen, and 
Nudal. They test 43 or 44 per cent. S,^ahd at most' 2*5 per 
cent. Cu, and might yield from 60,000 to 90,000 tons per annum. 

Detailed communications on the exportation of pyrites (and 
iron ores) from Norway and Sweden have Iw^en made by J. H. L.^ 
Vogt {Z. Elckiroc/icni.^ ipoj, p. 856; and Verhandi d. V. intern, 
Kongr.f (ingeiiK Chcni., 1 904, ii., pp. 90 ctscq^. The same estimates 
the production of pyritc^ inTs^orway foj; 1906 = 900,000 tons [?] 
{CIienL Zeii., 1907, p. 269). In 1909 the exportation''of pyrites 
from Norway yielded nearly 5,000,000 Kroner. In 1910 the 
production was 320,000 tons, and for 1911 it is e.stimated* at 
400,000 tonb*( 67 /tv;/. Ind., 191 1, p. 755) 

In Rnssia a good many bods of [)Jiites^'xist, some of which 
are utilis(.Hl for the manufacture of suiphuric acid, especially 
those in the Ihcil. The Russian pyj'ites beds are enumerated,., 
in C 7 inn. Trade J., I9ii,xlix. p. 29, and l.ji. 71 ; aTid in Ejig. and 
Min. World, October 1911. Pyrites is found in CentnB and 
South Russia, and iti the Cauca.sus, but most o^it in the Ural 
districts, far from the centres of chemical industry. It contains 
about 30 per coot* S and much carbon, which makes it unsuitable 
for the production of sulphuiic acid by the contact process. 
The Ural pyrites splits in roasting and gives off much dust. In 
1908 the production in the Ujal was 50,000 tons, in Central 
Russia 2500 tons, in the Caucasus about 5000 tons : total 57,500 
tons. The importation of foi^ign pyrites in 1908 was 90,000 
tons ; in 1910, 1 10,000 tons. , • • ^ 

^ Spain and Portugal j^ossess the largest known beds of 
pyrites. Much of it is cupriferous, and 4II of it is distinguished 
by its very good behaviour in burner* ; so that the burners have 
been built very much lower for it, and much labour is saved. 
This pyrites has only been worked a^ain since 1855 ; but the 
Romans, and before them the Jdioenicians and Carthaginians, 
knew it very well, as is shown by many traces. The bed, how- 
ever, was at that tjmc ofnly* worlfed where it was ricjiest in 
copper. According *to Sc*li6nichen [Jlingl. pBlyt^J^eX^y^ p. 448) 
all the bt'ds are within ft belt of 5 leagues width, •reaching, 
parallel to the Sierra ifforei^, from tlTe weste»n fronlrier of the 
province of Seville, across tiic hilly cowitr^ situated to the 
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south ol" this, right throuf^h Portugal tt) the Atlantic Ocean — a 
distance of 30 '’leagues. The prevailing rocks in that puntry 
arc clay-slate aiKpcrystalline slates ; but parallel to the granitic 
tract oTthc Sierra IVIorena felsite-porphyry and quartzite have 
broken through the slate, and only in the neighbourhood of 
such dykes are the pyrites-beds^ found. Their shape is that of 
large lenticular pockets pi the inetamorphic clay-slate, from 20 
to 36 fathoms thick, and extciidini^ to a length of 170 to 260 
fathoms. The whole bed Is filled with pure p)Tites, without any 
visible gangue. The eye is in a few places found at only i or 2 
fathoms bclow'thc surface, undecomposed, and in a sandy state, 
so that it can be got by daylight work. In other places the 
zoiie of decomposition reaches from 10 to 50 fathoms down- 
wards. The {ler^centage of copper varies from 2^ to 40; but 
ores with more thaia 10 per cent, of copper arc only contained 
in small vertical zones w'ithin the large masses. Only these 
black ” ores wx're the object of the mjning-o{ 5 erations on the 
p^irt of the Pncxmiciaii^ and Romans. The (juantity of pyrites 
exisfing there is almost inexhaustible, and can certainly supply 
the requirements of mankind, both of copp*cr and of sulphur, for 
thousands of years to come. 

Special highw^ays, and latterly also railways, have been 
made in order to facilitate the communication with the ports of 
Huelva, San Lucar^du Guadiana, and Pomaron ; but a great 
deal of the ore is still conveyed for some distance on mule-back. 

Of the various companies which had been formed for work- 
ing this ore most have ceased fo exist ; and only four or five 
remain, all of t^lem iij l;ngli;)h and hVench hands. The smallest 
of these is the Buitron Pyrites Comj]^ny, which works the miners 
of Buitron and Pode/osa. The Tharsis Sulphur and Copper 
Company posses.ses much«more extensile mines, a railway of its 
own, a wdiarf at Huelva, and also a number of works in England 
and Scotland for the wx-t extraction of the copper from the 
cinders returned to them. The Tharsis ore h very g(!>od, but 
very soft, and makes much ^lust in breaking. The San Domingo 
mine lies in Portuguese territory^; itf ore .is known as Ma.son’s 
ore, andjs cd 5 isblcA:d supcjrior to afl others, so that it commands 
a better prk^. The last, tut largesf, ci^these companies is the 
Rio Tinl^) Company, which has thrown such large quantities of 
pyrites into the Ij^ngiish market Ikhat, from 1875 prices 
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receded by more than <»ne-third. It# ore is also of excellent 
quality, I he mines of Carpio and Lagunazo, ii/the province of 
Huelva, are not yet worked for exportation. " 

The .Spanish (and I’ortuguc.se) pyrites neve? contains less 
than 46, and up to 50 per cent, of sulphur, besides 3 to 4J- per 
cent, of copper, which, however, by most of the English buyers, 
i.s not bought, but returned in kind to.thc Iieller in the shape of 
cinders from the pyrites-bifrncr.s. The value of the copper (if ‘ 
bought) is still fixed by the so-called “ Cornish assay ’’-that is 
a process of dry a,s,saying, known only to^i few assayers living at 
Rcdrudi and other places in Cornwall, the great inac'Curacy of 
which IS perfectly well known to all parties concerned : it shows 
for ln.stancc^ only 2 per cent, if 4 per. cent, is actually pre.scflt 
and rom this difference the buyer must pay cost of extract- 
ing the copper and his own profit since thaprice to be paid for 
tie copper g//c by Cornish assay is*iometiines higher than 
e value of a sitnilar (lu^ntity of coppar wcArC This remarkably 
irra lonal system has not hitherto been (Iquo away'with for salesV 
In Cermany also^in 187/ a number of manufacturers united 
m working Spani.sh pyrites (especially Rio Tint?, ore), and in 
c ivenng all them cinders to the Duisburg copper-works. The 

Okcr works als. use similar ores, which they work up them- ' 
selves for copper. ‘ 

The ore of the three principal compaijics is very similar in 
composition ; its analysis is as follows ^ 


I’attiiison. 


Sulphui 

lion . 

Co])per 
Lead . 

Zinc . 

Lime . 

Ma^iiebia 
Thallium 
Arsenic 
Insoluble 

P/ygen, as Fe.,0 

Moisture 


Total 


4 ii -00 
40.74 
3-42 
0-82 
trace 
0-21 
•,o.o8 
tr.ite 
0-21 
5 ’67. 
o-ot; 
•0.91 


100*15 


t 

• 

^ ~ “ — 


49 bo 

44.60 


42.88 

3870% 


• 22c 

3*8o 


0.52 

0.58 


O'lO 

0.30 

• 

0.18 

0*14 


trace 

trace 


trace 

trace 


0-28 , 

' 0*2^1 


f9+. 

II. 10 


ft-iS* 

o.*^3 


• 

0.17/ 


9 



99.86* , 

99-88 

1 

• 

f- 

• 



Clamlct 

010). 


M.ict!ijll#cli 

(San 

nomingo 

ore). 


'I 


^.^•30 
41.41 
5-8 i 
0*66 
trace 
0-14 
trace 
ti ace 
0-3 to 
2*00^ 
0*25* 
0*05 




4 ',-00 
43*53 

3*20 

0*93 

0*35 

0*10 


0.47 

0.63 

i- 4>7 

0‘7o 


49*So 

42.88 

2.26 

o-io 

0-18 


0*28 

•2.94 

' 0-95 


99*39 
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^ The following analyses represt nt the average quality : — 



ft 

^ r— L_ 

Kiu Tiuto. 


S. Donnnj^o. 

Tharsis 

Bartlett. 


« 

Cuiiiwi'^e. 

f 

Caron. 

Uivihta 
Min. 23 

PaUiiisoii 

Jlartlett. 

Sulphur . 

48-0(4, 

50.7 

•49 00 

49*90 

49-80 

47-50 

I ron 

40-00 


4 3 ' 5 .S 

41.41 

43-55 

41.92 

Copjier . 

3-42 

3-5 

2.46 

3-20 

4-21 

Lead . 

0-82 


0-93 

0-98 

0-93 

1-52 

Zinc 

Li ace 


fi -35 

0-44 1 

0-35 

0-22 

'Arsenic . 

0-21 

• 

0-47 g 

0-55 

0-47 

0.38 


A new pyrites-mine has been opened in Spain, called St 
Mardy Tinto Santarossa. ^ Its product has been found by Lunge 
and Jhinziger ange^v. CJiem., 1896, p. 421) to'contain 0-85 
per cent, moisture^ 5-20*insoluble, 43-87 sulphur, 42-12 iron, 
I -"09 arsenic, 2-15 antiiftony, 3-17 copper. 

Some kinds of Spanish pyrites are^in bad*i'epute with the 
manufacturers as “explosive,” or “detonating,” because they 
decrepitate in the kilns shortly after lighting with loud detona- 
tions, and thereby make so much fine powder that the burners 
are stopped up and “scars” are formed. The reason of this 
detonating property is probably to be sought in the presence of 
hydrated silicates (zeolites) in the ore. ] 5 est and the United 
Alkali Co. (B. B. ;^9i5 of 1905) subject such pyrites to a 
preliminary heating by mean* of an apparatus, shown in the 
specification, before charging it in the pyrites-burners. The 
e.^plosive pyrites from Goshen Copjier Mine, near Scull 
Harbour, County Woiik, i^ said to contain confined carbon 
dioxide and water (Blount,/. Soc. Ciuin. hid., 1885, p. 674). 

Recently hundrecU of ^thousands of tons of “leached ores” 
have come into the market from Spajn, especially Rio Tinto 
and Pomaron. These ^ ores arc exposed to the weather and 
then washed with water, in order to extract the copper, of 
which they retain only 0-3 to 0-5 per cent. They test 49 or 50 
per cent, sulphur jn the d^y state, but they generally contain 
about*5 per cent. ^-ater. In the pyriTes-biirners they make very 
much cUist, 5 s they are VQjry porous and friable. 

According to Hjelt^the average percentage of ‘arsenic in 
Spanish*ores i^ . 

• Pyrites with little or nm^copper is also found in Spain. 
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)ne of the best descriptions isithat of tke Aguas Tenidas^mine, 
:ontainiyg iron 46-60 per cent., sulphur 53*15 per cent, silica 
3*20 per cent, arsenic, copper, selenium, silver -and gold traces. 
It is sold both in the state of lumps and sn\a] 1 s. It buries very 
easily down to i-o or 0*5 per cent of sulphur, so 'that the 
binders, which contain 68*5 per cent of metallic iron, and no 
:opper, phosphorus, lead, or zinc, are very -i/al liable for blast- 
furnaces. The annual sales* have exceeded 200,000 tons, but 
for some time very little has come into the market owing to an 
accident at the mine. , ‘ * 

II. J. Davis of New York, one of the* principal imp'/^rters of 
pyrites to the United States, gives the following analyses of 
very good, hard Spanish ores containing but little copper:— • 



A 1 aceiK-i 

• n.-ilni.u-c-a 

*Saii 'I’uliiio, 1 



« 





• 

46.40 

s . . . 

5 i ’77 

50-19 


. 45-53 

4 #' 6 i 

40-11 

Cu 

0-29 

0*20 

••90 

Si .... 

1-90 

3-00 * 

11-27 

Ab . . . 

? 

? 

none 


• 


• 


'the producticiii of iron-})yritcs (non-cupreous) in Spain, 
according to Ihuicd States Mineral Resonrees^ for 1900, p. 826, 
ivas as follows ■ — ■ 


1891. 279,161 tons. 
1S92. 435,90b „ 

393,453 „ 

1894. 511,769 „ 

1895. 4^0,255 „ 


1896. 9*^, 393 tons (.9 

1897. 217,545 ,, 

1898. ;!55,896 „ 

1899. 316,212 « 


® The production of cupreous pyrites and its exportation by 
the three principal firms in Spain ani^ Poftugal was, according 
to the same authority, p.*i86: — 

1. Rio Tinto Co. * 

*1898. Prcfduction 1,465,380 tons (2,852 per cent. Cii). 

1899. „ 9649,844 „ (2,719 „ „ )■ 

1900. „ ^ 1,594,5^4 „ (2,744 „)• 

*ExpoftatioiT in <900 : 704,803 tons® 

i V 

2. Thai^is Sulphur & Cc^aper Co. 

1899. Production 572,8^4; exportation ^2,4^5 tons.* 

1900 „ 468,7^S*; ’•220^019 „ 
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3/ Mason & Barry, JLtd. Ejifporttd : 

1899- 339,298 tons. 
1900. 394,740 „ 


Enormous quantities of cupreous pyrites are roasted and 
worked for copper in Spain, without utilising the sulphur, as is 
apparent from the^^bove figurek 

In the year 1909 Spain exportcid 1,360,325 tons and Portugal 
74,419 tons pyrites of all sorts. 

In the Z. iwgeiu. Chew., 1905,’ p. 759, the following statements 
are made on<Spanisli ^pyrites. New facilities for shipping ore 
have been provided at Huelva and at some new railway 
sMtions. At Huelva in 1904 about two million tons of pyrites 
have been shipped. Th6 Tharsis Co., the Rio Tinto Co., and 
the Buitron Co! have opened out new mine.s. The Rio Tinto 
(^o. was erecting supe^rphosphate works to utilise the excess of 
their ore. *. 

According to Reusefi {Cfieni. Zci\., 1906, p. 326) the Rio 
Tinto Co. has discovered new beds of pyrites which allow it to 
maintain the present production for anotker hundred years ; so 
has also the Tharsis Co., which will be able to supply several 
millions of tons of pyrites in excess of what it had counted 
upon four years previously. 

The United States of North America tsko very rich in pyrites. 
The principal mine^ worked a^ present are the following : — 

In New Hampshire: the Milan mines, Coos County. The 
ofe is of excellent quality, andt is now sorted into two grades, 

of the following composition : — 

r t • 


No. !.*• No. 2. 


Sulphur , .* 

46-0 

35-0 

Copper . 

3-7 

5-0 

Iron . . • . 

40-0 

30-5 

Silica 

6-2 

25-5 

1 Zinc . . . , 

4.0 

• 8-0 •! 

Arsenic . . . | 

0 

• 0 

i 


No. I is#in^p»:ial favour, but *Nci! 2 btirns t^ery well and is 
readily bought Smeltin*g-works CKist for extracting* the copper 
and silver. • * ^ ^ * 

New York: 200C)*tone wereVaised at Hermon, County St 
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Lawrence; sulphur contents, •38-0 percent. Aij^other rnine in 
Ulster Coiinty, with 39 per cent, ore, was worked till stepped 
by an inrush of water. ^ 

Virginia: Arininius Copper Mines Co..and i?ulphur Mines 
Co., both in Louisa County. The ore coi^tains 49.5* per cent, 
sulphur, 0-5 coi)per, 43-5 iron, ^4 silica, etc. Other mines are 
in Prince William and Palaski counties. *• Virginia was the 
larger producer of pyrites in the United States in 1909. 

Alabama : near Pyriton, C[ay County. 

California produced ngore pyrites in #1909* than any othet 
state except Virginia, near Oakland, Alameda County, ctnd near 
Keswick, Shasta County. 

Georgia: near Acworth, Cherokee; County, and Villa Rita 
near Atalanta. The production in 1909 w.^s less than in 
1908. 

Illinois: the production in 1909 grcfitly exceeded that of 
1908, lhe[)yritcs is obtained chiefly as a by-product in the 
mining of coal • 

Indiana: the same remark to be made as in the preceding 
case. • 

Massachusettsjn 1909 produced less than in 1908. The 
principal old mme, at Charlemont in Davis County, caved in 
during the year, but a new shaft was sunk. Another mine, at 
Mount Peak, was not working in 1911. ^ 

Ohio: the production of pyrites from coal increased in 
quantity and value. 

Pennsylvania produced a liftlc pyrites in 1909 in MercCr 
County. So ilid Wisconsin. . . , * 

• Ji-ktel (f/..S. Geo/. Sunu'^' Ihi//., No. 213, p. 62) describes a 
new occurrence of pyrites, the Chc^tatcc lode, in Lumpkin 
County, Gainsville, Ga.,,30 ft. thick,»and proved for 250 ft. 
Composition : 43.52 per cent. S, 39-70 Fe^, 3-09 Cu, 0-72 Zn, 2-53 
Al, 0-43 MgO, no As, 9-26 sand, etc., 0 36 moisture. 

The absence o^arsenic in most American pyrites (as far as 
It is now worked) is a remarkable feature. 

K. h. Stahl {Z. ani^civ. picm., 1893, P- 54* quotes analyses 
M American pyrites. No. t is from TfllapooiJa Miife, Ciporgia, 
ISS2; No. 2 from I^er|“lVfllne, Paulding County, Dallas, Ga.; 
o. 3 from Sulphur Mines Co.of Virginia, J.qjjistfCount^', 1884 ; 

4i eru Zinc Co., La SaJJfe, III. No. •5,ffom Dodgevilla, 
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Wis. ;^Nor6, from the sfcme min»as No. 3, 1891 ; No. 7, Davis 
Sulphur Ore to., Franklin County, Mass., 1891. 


' c 

t f 


3 . 

4 . 


0 , 

7. 

• - - — — ^ - 

— . 

— 






Water 

♦ 


2-9 



1-3 

0*8 

Sulphur . 

45*1 

37-6 

3>-i 

50-2 

43-7 

40-6 

42.4 

Iron . 


.; 0'6 

41-5 



37-3 

35-4 

Copper 

3-1 1 

5-2 

0-6 • 



I-O 

1.4 

Zinc . 

3-0 , 

4-5 

0.8 1 



1-9 

? 

5’5 

Cadmium . 

0*1 

0*01 

? 



? 

^ Insoluble . 

• 2-9 

0-5 

14 I 1 


04 

10.5 

5*1 

Arsenic 

_ • 

? 

'♦ ? 

• 

0*02 I 

• 

trace 

trace 


\Vc quote from the volumes of Mineral Industry and the 
US. Geological Survey the productit n, imports, and consump- 
tion of pyrites ^not coiiteinilyi^^ more than 3-5 per cent. Cu) in 
the United States, no4 counting the auriferous pyrites used for 
the manufacture of sulplyiric acid in Canada, e#:prcssed in long 
‘tons of 2240«lbs. : — 


j* _ _ • 


! 

1 Year t 

Production, 

linport.itiAi. 

Consumption. 

1891 

100,319 

J 30,000 * 

239,319 

1892 

106,250 

210,000 

316,250 

1 l «93 

95,000 

194,000 

289,000 

1 1894 

107,462 

146,023 

253,485 

! 1895 

• 8l,ooo 

190,436 

271,436 

1 1896 

109,282 • 

199,678 

308,960 

1897 

133,368 

259,546 

392,914 

1898 

191,160 

, 171,879 

363,039 

1899 

178,408 ^ 

310,008 

488,416 

1 900 V 

201,317 

329,449 

530,766 

1901 1 

• 254,825. 

403,706 

638,531 

1902 

207,874 

.440.363 


1903 i 

233,137 

%20,410 


1904 

.252,090 

422,720 

190,224* 

1905 

2 53 ,oco 

511,946 

230,376* 

1906 

261,422 

598:078 

269,135* 

1907 

2 y ,387 

627,985 

282,593* 

1908 

222.598 

668,118 

300,653* 

1909 

210,000 

688,843 


1910 

238,151 

803,551 


~ * rpi 

,• A • . 


- 


* T]ifl (inures for tllo pyritf .s « oiiJimpd siif! e l!i%i doiiote, not the weight of the pyrites 
itself, but lliat of Llietiilphm contained thorei^i. * # » 


• • 

We "may take it that, roughly* sf^akin^, about ‘half of the 
sulphuric acid*pr(iduced in the. United States is made from 
brimstone, and l^Jffrom pyrites.*^ Most of the American pyrites, 
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including the Newfoundland »re, is granular and mpre^fit for 
fines’ burners than for lump burners. • 

In Canada there are two mines: the AlbcTt mine and the 
Crown mine. They supplied the first pyrite^s used in the United 
States for making oil of vitriol. Sulphur 40*0 [)er cent, iron 
35*0, copper 4-0, silica 20-0. Output ; * 


i 89[. 60,474 tons, 

1892. 53,372 „ 

1893. 52,270 „ 

1894. 36,185 „ 

1895- 30,534 „ 


18.96. *^0,103 tons. 

1897- 34,471 „ 

1898. 24,721 „ 

1899. 35,^42 „ 


The exportation of pyrites from Canada in T909 was 57,038 
tons. ^ , 

In Newfoundland, on Piney’s Island, there is a very Iar‘^e 
bed of pyrites, accessible by a shaft 60 ft. de^p.* The bed is 73 
ft. wide, and 28 ft. of it contains 3 or 4 per cent, copper. This 
ore is very easy*to roast^; an analysis.of the non-cupreous ore 
showed Cu 0-07, S 5 [■ 16, Fc 48-35, SiO._, o- 1 3, CaO 0^22, As 0-02 
no Sb, Pb, Zn,*Hi flng. and Min. J., 1892, [>. 467). 

In South Australia pyrites is found with 48-7 p(?r cent. S and 
2-8 i)er cent, ('u (MUie, Monit. Seieni., 1867, p. 411). 

In North Borneo pyrites has been found, containing 45-48 
per cent S, 37-3^' r)cr cent Fc, 5.62 per cent Cu, 7 gr. Au, and 
1 oz. 22 gr. Ag per cvvt. (Cheni. Zeit., 1909, p 82). 

The \Vorld\s production of iton-pyrites (in tons) is stated 
in the various volumes of Mineral Resources of the United 
States, from official sources. (T cannot ^explain the difference 
between these and the other “official" fi-riyes .ft,en in various 
places supra) See Tables, .S6-88. 

Accordintj to Quincke {^Z. augna. Chem., 1909, p. 2029) the 
consumption of pyrites in that year waiabout one million tons in 
^ermany, 800,000 tons in Great Britain, 800,000 tons in the 
United States, and 700,000 tons in Trance. 

The price of pyrites in the English trade is always so much 
or each per cent of sulphur per ton, called a “unit,” and has 
:ome down from nearjy is, pef unit, in the years from 1S60 to 
«/0, to somethings li^e 3cf. since about i885,-ansl 4^, to 4.1d. in 
■nerfai n^ “I'per, above ,a certain* minimum {percentage a 
■pe .al allowance is mfde, .The burnt ore (cinders),- if Ln! 
p eous.arc given back to th«'seller,ijr re.^naip the property pf 
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* For Portugal the output for 1S95 and 1S96 is roughly estimated. For this country only pyrites A\ith less than 1 per cent, copper is included. For 
190S only cupreous iron pyrites is given., 

t For Spain the cupreous pyrites, from which copper is extracted, la not included. Cf. p. 79. 
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Co7nposition of the ]VoMs Pyrites. 
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the buyer, as may be ag^ecl.* Cuprecms cinders are.eitfier sent 
to a copper work, or the copper is extracted by^he buyer, And 

the ferric oxide remaining sold to iron works.* 

• # 

Carriage of Pyrites. 

Pyrites, whether lumps or emails, is always carried in bulk, 
both by sea and in railway cars. Mastbau?n {Cficm. Zeit.^ I9i2„ 
p. 30 ; Chein. Irade 1 . p. 358) reports a case where a steamer 
was damaged by its cargo gf pyrites, whiclj must have con- 
tained too much water, getting into a p*asty state, and shifting 
about with the movements of the steamer. In severaf places a 
strong acid liquid had collected. 

• • 

Proportional Value of Poor and Rich. Pyrites 

• • 

It is no matter of surprise that thi^ rich and at the same 
time well-burnkig Spanish ores, and those ores similar to the*m 
elsewhere, where they could be imported, have d-iven the po^r 
ores out of tke field. An ore of 35 per cent., like that .from 
Wicklow, even for the same weight of sulphur, lias much less 
value than a 45 -per-cent. ore. The wages for breaking and 
burning the ore fn both cases must be ruled by the gross weight 
of the ore, and consequently for equal weights of sulphur come"* 
to much more with poor than with rich pyrites ; moreover, under 
conditions otherwise equal, the imburnt sutphur in the cinders is 
the same by weight. If, for instance, 5 per cent, of sulphur are 
left in the cinders, this amounis with 35-per-ccnt. ore to .fv = 1 • 
with 45-pcr-cent. ore to only ; the propo»tion to be"k*ept 
m view is accordingly not 35:45=:>:*9, but 30:40 = 5:4. 
Furthermore, the same hdlds good of cost of plant and repairs 
and of wages, and, lastly, since the Joor ores generally contain 
no copper, also of the cost of removing the cinders. 

Therefore, unless the burning is nothing but a preparation 
for thcb metallurgical treatment, where the sulphur is quite of 
secondary impoftance, the ores poor in sulphur are always * 
avoided as much as pos^*ble.- 
• • 

Anal^>sis of Pyrites. 

In the analysis of (iyriteg for technical purposes, in the first 
instance the percentage of suj^)hur is-taken injo account ; ancj it 
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is ther6for^ mostly thci custom ^to estimate only this and, 
perhaps, also tfie moisture. If the ore has afterwards to yield 
copper, this must ^of course also be considered ; but where the 
copper, As is mostly the case, is not bought by the vitriol-maker, 
but the cinders are returned to the seller, the estimation of 
copper is generally Emitted in the chemical works as unneces- 
sary. This rcstrictii^n to the estimation of sulphur ought, how- 
*ever, only to take place with pyrites from well-known localities, 
whose general composition and properties are well known, and 
where the salient 'poin] is only the pej-centage of the most im- 
portant i'onstitoent, viz.* the sulphur. Each cargo, even each 
portion of a cargo going to a separate buyer, is sampled in the 
prosence of both the buyer’s and seller’s agents, according to 
well-understood rules ; the sample is broken up, reduced, and 
sealed up in bottles, whidi aVc sent to an analytical chemist 
(g(^nerally mentioned ii^ the contract note) ; this chemist’s certi- 
ficate rules the price to b.e paid for the pyritesHlown to | per 
c6nt. If, for ^nstance,^a sale has been made at Cd. per “unit,” 
this means that for each per cent, of sulphur foufid the sum of 
6d. per ton is paid ; thus for 48] per cent, eff sulphur 48] x6d.== 
24s. lid. per ton. The ton is generally calculated = 21 cwt. ; 
that is to say, the buyer receives an allowance in weight of 5 
' per cent. 

The first treatment of the pyrites in analyses, in the majority 
of cases, is by the ivcl way, by filming nitric acid or aqua regia ; 
but the prescriptions differ in details. I'he decomposition was 
formerly frequently made, accord!ng to Fresenius’s prescription, 
by means of i^d funning nitric acid, which it is sometimes 
difficult to obtain free from sulplmric acid, and which i^s 
unpleasant to handle.^ In lieu of this, sometimes chlorate of 
potash together with hydrochloric acid, or, still better, with nitric 
acid of 1-36 sp. gr. have been used. I have always found the 
best, safest, and cheapesf way to employ aqua regia, made from 
I part of fuming hydrochloric acid and 3 or 4 parts of nitric 
acid of 1-36 to 1*4 sp. gr., and this mixture is now used in most 
places,. The mineral is converted into aq impalpable powder 
and passed thrq^igJi the finest silk gauV.e ; flie trilurating ought 
to be done firjt in a steel mortar or liy#wrap^ing it up in paper 
and smashing wkh a hammer, and Jthen Vi an agate mortar, not 
in^a porcelain or^WecIgweod mdrtar. The powder is treated 
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with about 50 parts of #iqua^ regia ; if^no reaction takes place at 
once, it should be gently heated on a water-batli till the reaction 
sets iri ; but then the beaker should be removed instantly from 
the water-bath, and only replaced wheif the rcaction*slackens ; 
thus the decomposition is generally complete in ten minutes. 
The operation .should be performed in S large beaker, or, still 
better, in an l^h'lenmc) er flask covered a funnel or a watch- 
glass, lest any loss should take place by spurting ; and the worT 
must be done under a draught-hood, on account of the mass of 
acid vapours given off. If the decomposition should not, be 
perfect after heating some time, somc*more aqsa rcgui is added 
and the heating continued ; but mostly this will be caused by 
the powder not being sufficiently fine, and the analysis in, this 
case cannof easily be finished. In this way of decomposing the 
ore, which is both quick and safe, the disagreeable separation of 
sulphur happens very rarely. If it do(is,t1ie .sulphur is oxidjsed 
by cautiously*.adding a little chlorate of jiotash. 

The residue from the .solution will contain •‘silica and : 5 ili- 
cates, perlnips a little lead or barium, both as sulphates. 
Although their sillphur is thus not estimated, no harm is 
done, as it is anyhow valueless to the manufacturer. Lead 
sulphate is prefty soluble in concentrated acids, but it is almost^ 
entirely precipitated again by the immediately following 
treatment. 

At all events the whole of the nitric acid present must be 
dc.stroyed or removed, because the estimation of sulphuric acid 
by barium chloride in the pr(?sence of lutric acid or its salts gives 
results much in excess of the truth. ^ The \^iole is therefore 
^ evaporated to dryness on the water-bath ^ with an exe'ess of 
hydrochloric acid, by wTich at the same time all silicic acid 
dissolved is made insoluble. TheJ/ia.ss is again moistened with 
strong hydrochloric acid ; and if on gently heating no yellow 
vapour and no smell of nitrous pr< 5 ducts arc perceived, it is 
diluted with h^t water and the solution filtered from the residue. 
Care must be t*akcn not to employ too much hydrochloric acidj 
as barium sulphate is ^ot quite insoluble? in hot coiKjentrated 
acids; on thti oth?*r haTid, •enough acid must pQ 4)rcsent to dis- 

^ The last evapj)ration*iTAy be hastened by employing a* sand-bath or 
asbestos cardboard, taking car§ to remove the vessel at the moment when 
the mass has become dry. 
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solve all salts of iron, whic|p cannot clcmbtfiil if the colour and 
behaiviour of the‘ residue are observed. 

Some chemists prefer to the aqua regia above described a 
solution t)f bromine \n hydrochloric acid ; but I have not 
found this to answer very well. Drown {Clieni. Nezvs, xliii. p. 
89) heats the pyrites ^'vith a solution of caustic soda or sp. gr. 
1-25, adds cautiously bromine in excess, acidulates with hydro- 
c‘filoric acid, and evaporates to dryness, 

Noaillon [Z. nngezv. CJichl, 1897, p. 351) employs a mixture 
of podium chlorate ^nd nitric acid for decomposing the pyrites, 
in order rto av(iid loss of sulphuric acid when drying the 
resulting mass. (Such a loss never occurs when working 
according to my prescription.) 

Where the utmost accuracy is not desired the solution may 
now be at once treated witb barium chloride, as follows: — 

,The clear solution (s brought to ///// boiling; and to it 
during boiling a hot solution of barium chloride is slowly 
addled. Lest too great an excess of this be used, it is preferable 
to use^ measured quantity of a concentrated solution of known 
strength, but «iore than sufficient for precipitating all the 
sulphuric acid present. It is best to pour the hot solution of 
’barium chloride rather slowly into the boiling solution of 
Sulphate, with constant stirring, but it is quite unnecessary to 
do this drop b}' drop as prescribed by Gladding (Cheni. Neivs^ 
Ixxx p, 181); cf. Z. angew. Cheni., 1895, p. 69, and J. 
tinier. Cheni. Soc., March 1895. If the process is carried out 
as described here, the barium sul|:)batc settles down completely 
in a few second.*^ leaving a perfectly clear liquid, and nothing 
of the’ precipitate passes tlirough the filter. It is quite unneces- 
sary to allow a long time for the settling. If the operation is 
carried on as described, the filtrate never becomes cloudy 
afterwards ; on the other hand, the work is greatly expedited 
by filtering the liquid in^'the boiling-hot state, say fifteen or 
twenty minutes after precipitation. A Hunsen’s Qlter-pump acts 
Vather too strongly in this case ; but it is very useful to employ 
a simplg contrivanct* indicated many^ years ago by Piccard 
which does e¥ce^lei>t service in ofhet* ana*Iytica1 operations, 
viz., a glass*tube attached t6 the lunnfl J^y means of an elastic 
joint, with .a loop pausing a continuous jdi of liquid to issue at 
the bottom (Fig. 6J. l*he istraiglrt pai't below the loop may 
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be 8 or lO in. long ; •the Jilter mwt be pressecj tightly to 
the siejes of the funnel to prevent any air being sucked' in. 
When this contrivance is used, which does not act so violently 
as a Bunsen pump, the liquid, so long as' there 
is not too much precipitate in the filter, runs 
through in a continuous jet. ^ ^ 

At first only the clear liquid is poured^off as 
completely as possible from the dense granular 
precipitate ; this is covered with boilino water, 
acidulated with a few^drops of hydijochldric 
acid ; the liquid is boiled for a few fnoments,^ 
and can be decanted in about two minutes’ time. 

This operation is again repeated twice or three 
times, but without adding any more hydro- 
chloric acid ; the precipitate is* washed on to 
the filter, and after very little waslwng the 
filtrate will bef found perfectly neutral and free 
from dissolved matters. The filter is drjed, the 
precipitate ^iken out, and the filter burnt, 
preferably in a platinum crucible laid on its ^ 
side; then the precipitate is put in and ignited, 
not too strongfv: and for each ico parts of 
barium sulphate found 1373 parts of sulphur 
are calculated. The ignited barium sulphate 
must not cake together; oy moistening, it 
should not give an alkaline reaction ; and on 
heating with dilute hydrochlcSdc acid anti filter- 
ing, no barium salt ought to be foiiiyl Jn the 
solution. 

It generally happens, even if the solution 
before preci[)itation was rather sWrongly acid, 
that the precipitate is stained yellowish by pre- 
cipitated ferric oxide or basic ferric 'sulphate, 
which* cannot be removed even by boiling with dilute hydro- 
chloric acid. * ^ 

Although this ^:irovc.# the presence of *a foreign substance 
in the barium sulphate* vvTiich ought to rtiake ^he result too 
high, yef it is foiuid in*|)flactice that the results ^are ‘always too 
low. The cause of ^his apparent anomaly Jias been studied 
by Jannasch and Richards^^^ /. prakt. Chcjn.^[2\ xxxiv. p. 3,21) 


Fig. 6. 
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who found Hiat^in the prcfience of /ron^a barium-ferric sulphate 
is precipitated, which on ignition slowly loses a portioi^ of its 
sulphuric acid. If the ignition is carried on very persistently, 
the error thus produced may amount to a full per cent, of 
sulphur or' upwards ; but I have shown, in the paper quoted 
below, that with the ordinary ^node of ignition it does not 
exceed 0-i8 per cent.; hence the ^ibove-described method is 
always available where perfect accuracy is not required, and a 
speedy completion of the test is a consideration. Westmoreland 
(/. Soc. CheuL Ind.^ 1887, p. 84) even contends that its results 
entirely 'igree "with those obtained by my new method (an 
opinion to which I must demur). 

Where, however, the greatest possible accuracy ^ind freedom^ 
from error is required (and this is the case when testing an* 
average sample of pyrite.s representing a whole cargo, or a 
large portion of such), it is necessary to remove the disturbing 
influence of the iron. This can be done in two different ways, 
by the dry arid by thq uct method. The dry method is that 
recon^mended by Fresenius {Z. miaL Chcni., xvi.'p. 335). He 
prescribes decomposing the pyrites by fluxnig it with 20 parts 
of a mixture of 2 parts of dry sodium carbonate entirely free 
from sulphate, and i part of potassium nitrate, passing 
carbonic acid into the solution for the precipitation of lead, 
boiling the residue whh a solution of sodium carbonate and 
then with water, acidulating 1 with hydrochloric acid, and 
repeatedly evaporating for the expulsion of nitric acid, after 
which the process is carried on as usual, the precipitation 
taking place by'^Dariupi chloride. This process is much more 
troublesome and tedious than that to i^e described below, which 
employs the wet methpd. ^Another objection to it is that it 
estimates not merely the sulj^hur of the iron and copper sulphides, 
but also that of galena and of barium sulphate, which are 
entirely useless to the manufacturer of sulphuric acid {cf. my 
^experiments on the action of nitric acid oi\Mead sulphate, 
J. Soc. CJicin. Ind.^ 1887, p. 96). Moreover, the platinum 
cruciblos are strongly acted upon,^ aftd co^l-gas^ cannot very 
well be epiploy’cd in the operation of decomposing the pyrites, 
as its sulp'^iur .would cause an error •iif the Jest. Hence it is 
advisable to use ‘spirjt-lamps of a s^jecia^ shape, calculated to 
yield the necessai^^ heat. ’ [The \sc of spirit-lamps can be. 
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practically avoided by jHacir^ the crugible in a roun;l hfilc made 
in a piece of asbestos cardboard, in which case*the products of 
the combustion of coal-gas are carried off sideways.] 

Jene {Cheni. Zcit., 1905, p. 362) considers, e.spctially for 
tc.sting the sulphur in burnt ore, the dry method oT Fresenius 
to be far more accurate than the wet treatinent with aqua regia. 

Gottlieb i^ibtd.^ p. 68b) states that tjri.s r;!^)plies only to cinders 
from ores containing a notable quantity of barium sulphate* 
On the whole he prefers the dry method also for ordinary 

cinders. * 

• • • 

jarvinen {Ann. Acad. Scient. Fntnicae, Series N., vol. ii. 
No. 4) recommends the very slow addition of barium chloride 
(long ago prescribed by Lunge). He also describes a form of 
■^thc well-known method of titrating the sulphuric acid by 

benzidine No. i6). ' « 

URycs (A//icnc(iu Chemist, m , p. 27]) describes a method, of 
decomposing^ ites with alcoholic soda and lime, the advantages 
of which arc in no way evident. • * 

hahlberg*and lies (AVr., xi. p. 1187) recommend fluxing the 
sulphiir-ore with caTistic potash (25 g. to o-i g. rX S) in a silver 
crucible for fifteen to twenty minutes, lixiviating the mass, 
oxidising the lower oxides of sulphur by bromine-water, and 
precipitating by barium chloride. ' * 

Clark (/. Sac. them, l7id., 1885, p. 329) heats the pyrites with 
a mixture of sodium carbonate and magnesia to a dark red 
heat; the resulting ma.ss is lixiviated with water whilst 
passing in carbonic acid, and* the sulphuric acid estimated in 
the usual way. J. Pattison {ibid., p. 724j sjiows fliat this method 
^ives exactly the same rj;^sult as mine (of course, only in ca.ses 
where barium sulphate and galena are absent, which militates 
against Clark’s process). \ 

Imugds Looking at the great desirability of re- 

taining the decomposition of pyrites 'in the wet way, I have 
worked out a method for doing so without incurring the error 
caused by the presence of iron. Th^ method was first described 
m the Z. anal. CJicn^, 18S0, p. 4 ^ 9 ) and has Leen very gcvnerally 
acce[)ted for the asLayin^ oT pyrites^ between Vuyer and seller, 
^jectioils made J:o the accuracy of that process by“jannasch • 
(/ [2], xxxix. pn 321) have been 

withdrawn by them {ibid., xl/p. 326), an’d ha^e been completely 
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refuted ^by ^experiments ^made in^ myt laboratory by two in- 
dependent investigators (Z. angew. Chou., 1889, p. 473)^^ The 
process, as it wilbnow be described, may hence be regarded 
as the most accuraTic" known for the estimation of sulphur in 
pyrites, where it is desirable not to include galena and heavy- 
spar, and it is at the same time very easy and speedy of 
execution, if the follpwing directions arc accurately observed. 
* About 0-5 g of pyrites is heated w ith about I OCX. of a mixture 
of 3 vols. nitric acid (sp. gr. 1-4) and i vol. strong hydrochloric 
ac^d, both asccrtaiiied to be absokAcly free from sulphuric acid. 
The o[)(^^ration- is performed as described above, in such 
manner that no loss by spurting takes place. The mixture 
is heated up now and then, till the decomposition is complete, 
and is then evaporated tt)* dryness in a water-bath. Now add 
5 c.c. h}'drochloric acid, evfiporatc once more (no nitrous fumes 
ought to escape now), a/.ld 1 cc. concentrated hydrochloric acid 
and 100 c.c. hot water ; pass through a small fir.ter and wash 
wrth hot watc.’. The insoluble lesidue may be dried, ignited, 
and V, cighed. It may contain, besides silicic acid and silicates, 
the sulphates cf barium, lead, and even calcium, whose sulphur, 
as being useless, is purposely neglected. (II this residue is not 
to be estimated, it need not be filtered off, ai'id the next step, 
'che elimination of the iron, may be taken without removing the 
silica, etc.) The filtrate and washings are saturated with 
ammonia, avoiding a very large excess of it; the mixture is 
kept at a moderately warm temperature for about ten minutes 
(at, the expiration of which tiinc it ought still to smell of 
ammonia very distinctly, not merely faintly), and the precipi- 
tated ferric hydrate is filtered off while the liquid is still hot. 
For this purpose funnels must be used, made at an angle ot 
exactly 60' , whose tube is qot too wide and is completely filled 
by the liquid running through ; or else a Piccard’s tube [cf. 
above, p. 92), or a filter-pump is employed. The filtering-paper 
must be sufficiently dense, but should act rabidly ; the filter 
must be adapted to the funnel so that no afr-channel is left 
betweet; paper and glass. The hot liquid is first decanted from 
the ferric hydr(ite,‘ and the lattei* is ‘then washed on to the 
filter with‘ boiling water. T'hc washing is continued with hot 
water in such msinner that each time the wfiole precipitate is 
thoroughly churned up and no 'channels are formed in the 
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mass. When acting on fliese^ instructiims, the whole; oj;Aration 
can be j:)errormed in from half to one hour, and no trace* of 
sulphuric acid is retained in the precipitate. The total bulk of 
the filtrate and washings need not exceed or 250 c.d, which 
.saves concentrating the liquid by evaporation. The end of 
the washing is indicated by tho fact tlfat i c.c., on adding 
barium chloride, shows no opale.scence pvcn*after a few minutes. 
(It is, however, be.st in important cases to test the iron precipi- 
tate for sulphur by drying it, detaching it as well as possible 
from the filter, fluxing wjth pure sodiuiii carbonate, dissolviiig 
in hot water, acidulating and adding BaCl,.) • • 

The clear liquid, which now contains all the sulphuric acid 
combined witji ammonia, is acidulated with pure hydrochloric 
acid ill very slight exces.s, heated to boiling, the burner removed, 
and 20 c.c. of a lO-per-cent. solution’ of bajdum chloride, pre- 
viously heated, is slowly poured in. .This quantity, whicji 
suffices in any cfise for 0-5 g. pyrites, is roughly measured off in 
a test-tube iirovided with a mark, and ij heated ^in the sam^ 
tube. After ifl'ccipitation, the liquid is left to stand for half an 
hour, when the precipitate should be completely fettled. The 
clear portion is now decanted, and the washing continued by 
decantation with* boiling water, as mentioned on p. 93, where 
the mode of igniting the precipitate is also described. The 
ignited precipitate should be a perfectly white and loose powder, 

I part of which is equal to 0-137^ sulphur. * 

The accuracy of this method and its complete accordance 
(in the case of pure ores) with The fusion ^method of Fresenius 
have been proved by Pattinson {/. Soc. QJiaii. Ijifi., ii^90, p. 21), 
who points out how much ij;iorc convenient* is the fijrmer than 
the latter. Lunge (Z. angew. Chem., 1905, p. 1656) and Lunge 
and Stierlin {ibid,, p. 1921) have agjin confirmed it. 67.' also 
Lunga' [ibid.^ 190C, p. 1854). 

Kuster and 1 hiel (Z. anovg. 67 /t 7 //.,\ix. p. 97) erroneously 
assume -that the#ferric hydrate cannot easily be washed by my 
method so as to remove all sulpl^tc (which is refuted by 
’njii reds of students.whojhave carried out tliis method ^n my 
a oj'atory, ancfthousands*of chemists elscwht^re^. .They there- 
^ff^ precipitate khe barium’sulphate without filtering 

1 1C ferric hydrate aftd to/emove the latter subsequently by 
everal hours digestion with’ hydrochloric jcid ; or else to 

G 
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prevent th^ precipitation- of ferric;, salt^ along with the barium 
sulphate by the addition of a large quantity of ammonium 
oxalate. Both methods take much more time than mine, 
without" any gain'iif accuracy, as 1 have shown in Z. nnorg. 
Chon., ix.'454, and again, xxi. p. 194. This is confirmed by 
Herting (Z. ivigciv. Chon , 1899,4). 

According to Ilcidegreich (Z. nnorg. Chon , xx. p. 233) the 
contamination of barium sulphate by iron salts can be avoided 
by reducing the ferric sulphate to ferrous sulphate by means of 
zinc and preventing the excess of air and light during the 
precipiK'tion. "Herting* and Lchnardt {Chon. Zeit., 1899, No. 
75) effect the same purpose much more quickly by employing 
stannous chloride in lieu of zinc. Gyzander {Chon. Ncios, 1906, 
xciii. p. 213) employs hydrox)'lamine for the same purpose. 

Noaillon (Z. angoo. Chcnl , 1897, p. 351) proposes to avoid 
the filtration of the ferric hydrate by diluting the liquid to a 
certain mark, filtering, and employing a portiofi of the filtrate 
fbr the precipitation with barium chloride ; but this method 
introduces more than one error and must be rejected. 

Johnston Und i\dams (/. Anicr, Chen}. Soc., 1911, pp. 824 
et scq.) discuss in great detail the occlusion of foreign salts in the 
barium sulphate precipitate, and describe their method for an 
’ exact estimation of sulphates, which is of no special interest in 
our case. 

Sodium peroxide Is propose^ for the decomposition of pyrites 
by Hernpcl, Hohnel {Arch. Pharni., 1894, p. 222), and Glaser 
{Chon. Zeit., 1894, p. 1448). ** 

In lieu of \‘he estimation of sulphuric acid by weight, .some 
chemists prefer titration by means, of a standard solution of 
barium chloride. This was first proposed by Wildcnstein 
(Z. anal. Chon., \. p. 43:^), and afterwards, especially for the 
analysis of pyrites, by Teschemachcr and Smith {Chon. Neivs, 
xxiv. pp. 61, 66; cf. alsd Glendinning and Edger, ihid, p. 140). 
Although this process, notwithstanding some assertions to the 
contrary, is most certainl)^ no more accurate than the gravi- 
metri<; process, and in most hands is iess \o, and is not u.sed by 
many chemist.s^ in* important case's, vte sh*all ta1<e this oppor- 
tunity o^ des^cribing the ‘estimatioi* ®f sulphates by titration 
with barium chjoride in its simplest f( 5 \'m, such as is used at 
some works in testing *blaek-ash. 'etc. ; it is also used sometimes 
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in testing pyrites, blenci^c, biynt-orc, etc., for [)iir, poses where no 
areat ?y:curacy is required. 

"" The liquid is brought to the boil jn^’a porcelajn dish, 
barium-chloride solution is added from a burette; from time to 
time a few drops are taken out with a glass tube, passed 
through a miniature filter on tv a glass plate resting on a black 
background, upon which a number of ch'ops both of dilut^ 
sulphuric acid and of barium chloride have been put. If the 
filtrate still gives a cloudiness with a barium-chloride drop, 
easily visible on the blacj< ground, the liWle filter is thrown b»ck 
into the dish, more barium-chloride sofution is added from the 
burette, another test is made, and so forth. The end is attained 
when a filtered drop gives an extrerpely slight cloudiness Ifoth 
with a drop of barium chloride and with one qf 
sulphuric acid. The work is very much e^epe- 
dited by the following contrivance, proj-A)scd by 
Wildcnstein aifd shown, in Fig. 7. The acidu- 
lated ‘julution is poured into a vessel, made 
of a bottle by removing the bottom, or a small 
tubulated jar, through whose cork passes a bent 
tube, H, provided at the lower end with a pinch- 
cock, /, at the upper end with a bent-down 
funnel, f. The latter (which must be bell- 
.shaped) is closed by two disks of filtering-paper Pig. 7. 

and a [)icce of linen gauze tie>l over all ; and 
the Ikpiid must cover the whole tube. This arrangement per- 
mits of withdrawing at will small filtefed saipplcs of a few 
drops each, which are run into a tesk-t«be and tried wi.th a 
^rop of barium-chloride ;K)lution. It must, of course, not be 
omitted first to run a few cubic centimetres out of the tube B 
and back into the jar A before takfng the sample for testing; 
and the contents of the test-tube must be always put back 
into A, not to waste too much substance. If by accident the 
point 5 f finishing the reaction has been overstepped, one or 
more cubic centimetres of titrated i»ilphuric,acid arc put in and 
are afterwards deducted l^om the result. » * 

C. and J, Bcringer effect the tit/ation by iDarlumtchloride 
after adclTtion of spdiunT ifeetate and acetic acid*(6"toA Ncius^ 
lix. p. 41). • . ^ ^ • 

Various other volumetric methods for the estimation* of 
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sulphates, by Cfirl Mohr, Ad. Clemip, W^ildenstein (2nd method), 
Schwarz, and Pappenheim, are described in the treatises of 
Frescnius and Mdhr ; but they are more complicated and not 
more accurate than the direct titration with barium chloride as 
just described. We therefore mention only one method of this 
kind. This is the method proi:y:)sed by Wilsing {Cheni, Ind., 
jS86, p. 25), a slight ^biit apparently useful modification of those 
just mentioned.. lie precipitates a neutral solution of the 
sulphate or solution containing such, boiling in a porcelain dish, 
with a 4-per-cent, tarium-chloride solution of known strength ; 
he then^adds a few drops of an alcoholic solution of phenol- 
phthalein and a 2-pcr-ccnt. solution of sodium carbonate: as 
soon as the last part of barium chloride has been precipitated 
as carbonate the colour turns red, so that the soda used is a 
mcasLiie for the sulphate originally present. If the solution to 
bcTested is either acid jr alkaline, it must be made neutral by 
sodium carbonate or hydrochloric acid^ phenoliAithalein being 
used as indicator here as well. 

IT W. Andrews {Anicr. Chciti 1889, p. 56% and Chevi, 
Zeit. Rep,^ 1339, p. 39) proposes the following method for 
estimating sul{)huric acid combined with bases : — The solution 
is diluted till it contains no more than 2 per cent. SO^, is almost 
neutralised and brought to a boiling heat. Now a solution of 
pure barium chromate in hydrochloric acid is added, and then 
ammonia, the excess of which, is removed by boiling. The 
solution is filtered while hot and is washed at once. Now a 
quantity of chromic acid, equivalent to the sulphuric acid 
originally presc^nt, will , be in solution; this is estimated by 
adding potassium iodide and strong hydrochloric acid, and 
titrating with decinormal thiosulphate solution (i c.c. = 12-85 
1 = 2-662 mg. SOy). It is o'aimcd that this operation is more 
quickly performed than the gravimetric process, and is at least 
as accurate; but both of these a.ssertions arc doubtful. 

Similar methods are dc.scribed by Reuter {Cljem. Zeit., 1898, 
p. 357) and Marboutin an(^ Moulinie {CheuL Ce?itr,, 1898, i. 
p. 218)* ^ c 

Sevej^al method’s have been proposed for estimating the 
available *s2ilpl^iir of sulphur-ores — that is, that portion of it 
which pas.ses into the chambers in the shape of SOg and SO3. 
Thus W. G. Mixt(^ {^Amcr^Chcm.^J.^ ii. p. 396) burns the pyrites 
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in a current of oxygenj and, passes tke vapoury injto Sromine- 
water ^containing some hydrochloric acid and an excess of 
bromine. A similar process is recommended by Zulkowsky 
(Wagner’s i88i, p. i6o), both fpr testing pyrites and 

spent oxides of gas-works. The latter is always contaminated 
with sawdust, tarry matters,, and variable quantities of lime, 
which retains part of the sulphur in burning,*whence an estimation 
of the total sulphur is quite useless for practical purposes. The 
process takes place in a combustion tube (P'ig. 8), 2 ft. long, 
narrowed at n, and dra^vn out at the end into a long tube, 4iot 
too thin, and bent downwards. l^etvVeen (/ afid /? there is a 
la\'cr of platinised asbestos (see below), 8 to lO in. long, and 
at a distance of 3 or 4 in. from this 4 porcelain boat with a^oiit 



Fig. 8. 


0 4 g. of spent oxide or pyrites. The end of the tube at k is 
connected with an oxygen gaS-holder. The absorption of the 
vapours takes place in the two 3-bulb tubes and d (5^ in. 
high) and the tube e, fillpd with glass-wool. The absorbing- 
liquid is made by dissolving 180 g. caustic potash (purified with 
alcohol from sulphate) in water, adejing 100 g. bromine, taking 
care to keep the mixture cool, and diluting to 1000 c.c. Thirty 
c.c, of this suffice for estimating 0*5 *g. sulphur. The tube e 
ought also to be moistened with it. First heat the portion of 
the tube between a and passing^oist oxygen through it at 
the same time; thep her^ the boat from the right to tlje left; 
lastly the tubt, up fo the? place /. The current obgas must be 
much stronger than fo» m organic* analysis, le^t any sulphur 
should escape unburnf, but^not strong enough# to draw off any 
unabsorbed. So long as.'^ny de^v appear^ at //, it must-be 
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driven Into, the rcceiveri with a burner. When this 

ceases (usually in about an hour), the experiment is finished. 
The receivers are* then taken off, washed out, and the acid 
remainih”' in h is recovered by aspirating water several times 
through it.' All the liquids are united, supersaturated with 
hydrochloric acid in-order to decompose the [)otassium hypo- 
bromite, heated, coircentpted if necessary, atid the sulphuric 
?icid is precipitated by barium chloride in the usual manner (or, 
more conveniently, the receivers are charged with hydrogen 
pc^roxide, free from sulphuric acid, and^ arc retitrated after the 
end of the (qieration. 

Dennstedt and Hassler (Z. <vigrw. Clirni.y 1906, p. i668) 
employ a similar method. Some remarks upon this are made 
by Lunge {ilud., p. 1854). ITeezko (Z. anal. CJicni., i. 748) 
obtained good results with if 

, Nitchic (/. Soi. Chi'ni. lud., 1912, p. 30) emphn s a similar 
process for the estimation of sul[)hur in roasted blende. 

Jannasch \V. Chem. [2], xl. p. 237) heats pyrites in a 
mixture of air or oxygen and nitric-acid vapours; the vapours 
of SO., and SO3 are absorbed in bromine-water. [It must not 
be forgotten that in the presence of nitric acid the barium 
sulphate is never free from nitrate, and that hence all nitric acid 
'must be removed previously. 1 would, therefore, pre^pose to use 
in that class of processes hydrogen peroxide as an absorbent, 
which is very efficient and requires no special precautions; in 
this case the acids absorbed can be estimated by titration with 
the standard alkali.] 

Graeger {D'vigL polyt. ccxli. p. 53; Fischers jahresber., 
1881, p. t6i) heats pyrites with reduced metallic iron, decom- 
poses the FeS formed by dilute hydrochloric acid, and titrates 
the H^S evolved by passiivg it into a .solution of iodine. This 
method has been again propo.scd by Treadwell (/>Vr/. AVr., xxiv. 
p. 1937, and xxiv. p. and by Kliasberg {Z. anal Chcni., 

1899, p. 240), but it docs not .seem to be practicftlly employed. 

E.xpeditioiis assays oj p)yitcs have been proposed in many 
ways, but none of Jnem i.s sufficiently ■ iccurate to be employed 
for cstiiT^ating tlKi shlphur in fresh pyrites, and soihe of them arc 
not even ftcemate enough for testingatke sulphur reihaining in 
burnt‘Orc (pyrite.^ ciyders). , 

*The so-C'd\\c(\^nu\'/iaiiital pyrkes assay of Anthon {^Dingl. 
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polyt. /, clxi. p. 1 1 5) is iho rough and, unreliable even fcr very 
simplej)urposes. {C/. ist ed. of this work, i. p. io8.) 

In the hreiberg works i g. of finely grouixl pyrites is mixed 
with 2 g. sodium carbonate and 2 g. salt^e^re : the mixture is 
fiuxed in a small iron dish in a red-hot muffle-furnace^, dissolved 
in hot water and filtered into a beaker in^vhich there is hydro- 
chloric acid by saturating the soda in excels. Then the filtrate 
is brought to boiling, and the sulphuric acid estimated by*ff 
standard solution of barium chloride, preferably by VVildensteiiTs 
method {supra, p. 98). Liebig (Post’s 'I'rcli. them. Aiinlysc, 2nd 
ed. i. p. 677) recommends this method *as a quiche and 'iasyone, 
where no great accuracy is required. 

In the method of Pclouze {Comptes rend., liii. p. 685 ; 

('him. Phys, [3], Ixiii. p. 415) the finely powdered pyrites is mixed 
with chlorate of potash, common salt, and an exactly weighed 
quantity of sodium carbonate, and ignit^^d, which can be done^in 
an iron spoon? The fluxed mass is dissolved in water, filtered, 
the residue is washed, and the soda not converted into sul])hatc is 
estimated all'^alinietrically. This process continued to be recom- 
mended in French treatises, although its inaccuracy was estab- 
lished and the sources of error partly demonstrated by many 
chemists, such as Barrcswil, Bottomley, Bocheroff, Lunge, and 
especially Kolb ' Xoh's sur P Pssai des Pyrites dc Per). Kolb* 
found the sources of error on the one hand in the formation of 
sodium silicate, on the other ^hand in t*he decomposition of 
potassium chlorate in the presence of ferric oxide into chlorine, 
oxygen, and caustic potash. • New exj^riments made in my 
laboratory by Mr Rey have equally proved th^ method to be 
jvrong, even if the “constant error” of i to iJ, per cent., 
admitted by Pelouzc, is taken into account. A principal objec- 
ti(jn is the difficulty of evading the Jncchanical loss by spurting 
in the fluxing process. 

This fault is avoided in the plifti proposed by Kolb (/. 
Phann. (liim.y^, x. p. 401), which, however, is only intended 
for testing burin -ore. Kolb mixej 5 or 10 g. of this with 5 g. 
pure sodium carbopate mid 50 g. of cuprit oxide, hea^s about 
fifteen minuttis in an ircTn capsule to a dark* re^ h^^at, with stir- 
ring, lixuTiates the melteck mass, and estimates the uwconsumed 
soda volumetrically. •The trials made in my laboratory showed 
that there is no spurting, buf that the Heatni^ must not be pro- 
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longed *100^ much, in order to avoid the formation of silicates. 
The lixiviation of the large bulk of cupric and ferric oxide is 
tedious, and the method is somewhat costly, as it requires 50 g. 
of CLiprii oxide for eath test, nor are the results very satisfactory 
(see below). 

A much better ntethod for testing burnt-ore was proposed 
by J. Watson (/. Sof. hid., 1888, p. 305). Two or 3 g. of 

pyrites cinders are mixed with i or 2 g. of sodium bicarbonate 
of known titre ; the mixture is heated in a nickel, porcelain, or 
platinum crucible' by njeans of a small Bunsen flame for five or 
ten miiv^tes, stirred up,' heated once more for fifteen minutes 
with a somewhat stronger flame, treated with hot water, filtered 
andi washed. The solution is titrated with hydrochloric acid and 
methyl-orange ; the loss 0/ titre in comparison with the original 
one is equal to the^ sulplivite ’formed. The escaping carbonic 
acjcl keeps the mass ,{3orous ; there is no spurting, and the 
lixiviation of the small bulk of the mixture is^'easy and ex- 
peditious. ^ 

Experiments made in my laboratory {Z. aagrev. CJiein., 1892, 
p. 447) show(5d that Watson’s method yielded results closely 
agreeing with those obtained by accurate gravimetrical methods, 
whilst the method of Pelouze, even with burnt-ore, yielded too 
low results, and that of Kolb was not more reliable. But it 
was found that special precautions, as now described, must be 
observed in order \o yield c;iccurate results. 3-200 g. of 
the finely ground samples are mixed with 2 000 g. sodium 
bicarbonate (of known ^llkalim(5L•rical titre), and heated in a 
nickel or iron cfucible ; a platinum crucible easily leads to over- 
heating. The heating is continued [or ten or fifteen minutes 
with a very small flame, then another fifteen minutes with a 
strong flame, but without fpsing the mas.s. The crucible must 
be kept covered and the ma.ss must not be stirred ; it should in 
the end be red-hot, and hfter cooling black and porous. It is 
boiled in a porcelain dish with water, adding the same volume 
of neutral solution of sodipm chloride. This is an essential 
improvement, as without this addition isomc.oxide of iron invari- 
ably passes through the filter, and makes the following titration 
by methyf-ora;ige almo.st impossibles rThe filtered solution is 
titrated with staiyJard acid. The difference between the original 
titr^ of bicarbon^e^and Biat ndw found shows the sulphur, 
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I c.cm. normal acid indicating 0-5 per «ent. S. I;i the presence 
of a sof^iewhat considerable quantity of zinc this method does 
not answer. * 

It cannot be our purpose in this plac« to describe* all the 
methods for testin^q burnt pyrites for sulphur ; wc refer in that 
respect to Lunge’s Technical Chemists iJandbook (1910), and 
Lunge’s Technical Methods of Chemical Analysis, translated by 
C. A. Keane (1908). 

Wc here only mention, as pot yet found there, a new method 
by Ilohorst (Abstr. Amer^Chem, Soc., 19101, p. 2051), founded.^^n 
the reduction of the sulphur compouncls to by Ui^ans of 
M and Fe, and absorbing the Il,S in a solution of cadmium 
acetate. , , # 

Mae^nctic pyrites (pyrrhotite), Fe.Sj., is soipetimcs present, 
especially in some kinds of American pyrites. As that ore 
yields its sulphur very imperfectly in ordinary pyrites-kilns, its 
estimation may* become .important. Cone ( /. A men (hem. See., 
xviii. p. 404) effects this by grinding the ♦ore .so tliat all passes 
through a 60-mcsh ^sieve (not more finely!), spreading the 
powder on a sheet of glazed paper, applying a magnet to this, 
removing the mechanically adhering pyrites by gently knocking 
the magnet and separately brushing off the pyrrhotite after 
putting on the anchor. This is repeated five or six times, and * 
the sulphur estimated in the .separated portjon.s. 

M area site and pyrites can be distinguished by the easier 
decomposition of the former when boiling with a solution of 
ferric salt. This behaviour has been studied in detail by H. N. 
Stokes {Jhilletin U.S. (leoL Snrv.j No» 1^6); but it is of no 
practical importance for technical analysi.s. 

Estimation of other constituents ^of pyrites. — Usually it is 
sufficient to estimate the sulphur in*a pyrites whose nature is 
otherwise known. If, however, the pyrhes is of unknown com- 
position, its value for acid-making can only be estimated by a 
complete deterrrtyiation of all its constituents according to the 
rules of mineral analysis. If it coiftains, fey instance, calcium 
carbonate, this^on buffiing^tvdlj retain its equivalent of sulphuric 
acid cquaMo'o'32 per cent. S for qach pe*r c^nf CaCOjjj if 
calcium sulphate is ^resetft from the first, its sulphuric*acid has 
to be deducted from tRe wlK)le quantity, of. sulphur found. If 
Cad has been found, its equiv.'^lent of sulphur, inist be considered 
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as pra^icglly Jost ; and«the same^is tlfe case with zmc — because 
thb sulphates of both metals arc hardly or not at all decpmposed 
at the tempcratutc of a pyrites burner. In France half of the S 
combined with Zn is'^considcred as lost, = 0-245 per cent. S per 
I per cen't. Zn (for copper they reckon 0-505 per cent. S per i 
per cent. Cu as lost). Frcqiienfly arsenic will also have to be 
sought for; and eiyioiw ^silica may be of importance — firstly, 
because in the presence of much silica “explosive” properties 
of the pyrites must be feared (see p. 80), and secondly, in the 
cp.se of cupreous pyritps, because siHcj lessens the value of the 
cinders? Kveh silver ^nd oold are sometimes sought for (cf, 
Clieni. News,^'^v\. p. ^3 ; xxxiv. pp. 94, 133, 153, 172); but it 
ca^mot be said that the^ quantities hitherto found have any 
influence on thc^ commercial value of pyrites. 

'Treadwell and ^voch ^Z. dnoriv. CJieni., 1903, p. 173) describe 
the estimation of earbm in pyrites, especially the “coal bi'asses.” 
This can be done b}' the ordinary ^method* of elementary 
analysis, but better ^)y the method of Corlcis (dissolving in 
chromic acid, and absorbing the CO.^ formed by soda-lime), 
for which the^^ inti'oduce some convenienf modifications. The 
estimation of seiejtin/n has been mentioned, sn/^rii, p. 55. 

It is not our object here to treat of the Vstimation of all 
these substances, nor that of the copper which, in the majority 
of ca.ses, represents a large portion of the value of pyrites.^ We 
make an exception only with because special methods 
for estimating this in pyrites have been worked out which are 
not found in the ordinary text-b*ook.s. 

The process emylc^ed at Freiberg is that used by Reich, 
and is as follows: — Digest about jQ- 5 g. of finely pulveri.sed 
pyrites in a porcelain ^crucible, covered with a watch-glass, with 
concentrated nitric acid at a gentle heat, until the residue 
assumes a lighter colour and the .separated sulphur has turned a 
pure yellow. After dec*ompo.sition, heat the crucible on a sand- 
bath to get rid of the excess of acid, but not^k) dryne.^s. Add 

* these sii 1 )sfanres, sec Lunge’s technical Chemists' Handbook^ 
published by ^Gurney* and Jackson, i9rt); npiso a%ery eV.cnsivc paper by 
Westmoftjand, ], Soc. Chem, ind.^ 1886, p. 31, and criticisnis on the same, 
p. 277 ; and Lftnge’s T^rkniial Methods of Chevfical Analysis, English 
Translation by Ke.fne,4mb]ished by Giirnty and^ackson, 1908, vol. i. pp. 285 
etseq. 
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4 g. of sodium carbonate, •dry compIetc)|^ on the sanc^bafh, add 
4 S- of potassium nitrate, and Aeat the mass until die contcnts*of 
the crucible have been in quiet fusion for ten minutes. Extract 
the cooled mass with hot water and filter ;*J:he .filtrate contains 
all the arsenic as sodium arseniate. Acidify with a little nitric 
acid, keep for two hours on a sand-bath to get rid of the carbon 
dioxide, add a sufficient quantity of a splutiftn of silver nitrate, 
and neutralise carefully with dilute ammonia. The reddish:^' 
brown precipitate of silver arseniate is filtered, washed, dried, 
taken off the filter as wcll^as possible, tliQjfiltef is incinerated yi 
a muffle, the [irecipitate put to it, a sufficient quantity (?Pa:ssay 
lead is added, and the silver estimated by cupcllation. One 
hundred [larts of silver correspond to 23-15 of arsenic. ^ 

I.eroy M. M'Ca}’ has modified and greatly simplified this 
method NriCs, xlviii. p. 7) 'by Estimating the excess of 

silver used by Volhard’s metlKid. Late’i on C/ioil 

viii. No. 2) the s'hme author recommends as preferable another 
plan, namely dissolving the Ag.^AsO^ in ^dilute aiAinonia, and 
either cstimatffig the silver by Volhard’s volumetric method 
(precipitation with ammonium thiocyanate), or •evaporating, 
drying, and weighing the total in a thin platinum dish. If the 
arsenic is to be precipitated as pcntasulphide, which is otherwise 
a tedious operation, M‘Cay recommends {^Auic)\ CheiiL /., ix. No. * 
3, and X. No. 6) to place the solution in a (lask with a wcll- 
nttmg stopper, acidify with IlCl.^and dilute with freshly boiled 
water till the flask is nearly full, pass in Jl.^S to saturation, insert 
and fasten down the stopper, afid place the whole in a water- 
bath for an hour. At the end of that time all trtc arsenic will 
be precipitated as penta.splphide, As.^S,-^, containing no free 
sulphur. 

Clark (/. Soc. CJiein, hul, 1 887,1 p. 352) recommends the 
following method as especially adapted for estimating very 
small quantities of arsenic in pyrites rich in sulphur : — Mix 3 g. 
of pyrite-s in a pUtinurn crucible with four times as much of a 
mixture of calcined magnesia and^ sodium hydrate, heat for 
about ten minutes ov^^r a naoderatcly low Bunsen flame, e^vtract 
the shrunk mlTss with bdiling water, acidify* th« solution with 
hydrochloric acid f^which ivolves much H.,S), bqil fifr a few 
minutes, and saturate tvdth JE^S, when all tjie .arsenic will be 
thrown down as sulphide ; v^sh the precipitate, extract t|;ie 
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sulphide pf arsenic with ammonia, fevaporate the solution to 
cityness, dissolve in strong nitric acid, and estimate the As as 
ammonio-arseniate of magnesia, or else by silver solution as 
above described. Or else the calcined mixture, after neutralis- 
ing it with H( I, as above mentioned, is reduced by cuprous 
chloride, and the liquid is slowly distilled into water, repeating 
this operation twk^ with strong HCl, which will cause all the 
arsenic to pass over as AsClj^, which can be either precipitated 
by HoS or titrated by iodine. Clark points out the necessity of 
(;farefully testing all the reagents 'employed for arsenic, of which 
he found as much as o-02 per cent, even in commercial 
caustic soda. 

«. Nahnsen’s process {Chan. Zeit., xi. p. 693; abstr. J. Soc. 
Chan, hid , 1887, p. 5 f^ 4 ) does not offer any special advantage. 
The [)rocess described 'in detail by H. Fresenius {Z. anal 
Cdian.^ 1888, p. 34) isr, no doubt very accurate, but lengthy and 
troublesome. 

Blattnei"and Brasseur {Z.angcw. Chan., 1898, p. 262) give 
exact instructions for estimating arsenic in pyrites, both in 
the wet and 'dry methods. 

Vilstrup {Chan. Zeit., 1910, 350; Chan. Soc. Absir., 1910, 
ii. p, 458) estimates in pyrites the sulphur and iron by Lunge’s 
method. For the estimation of arsenic he moistens 12-5 g. of 
the powdered ore in a large beaker with 10 c.c. of water and 
I c.c. of sulphuric acid, adds strong nitric acid until there is 
no further effervescence, boils the liquid to a paste and treats 
the residue with boiling wateV. If the residue is not white, 
the liquid i.s' decanted and the insoluble mass boiled with 
aqua regia. This is then evaporafed and the residue trans- 
ferred to the main solution, and the whole is diluted to 250 
c.c. The solution is than passed through a dry filter; the 
residue is washed and tested for lead by boiling with ammonium 
acetate ; excess of sulpnuric acid reprecipitates the lead. Two 
hundred g. of the filtrate (=10 g. of the sample) are treated 
with hydrogen sulphide, n'he precipitate, consisting of copper 
and grsenious sulphide, is treated with ii^mmonium carbonate; 
this di.ssolv€s the arsenic, which is‘theVi reprccipil'ated by adding 
dilute sdlphyric acid and passing Jn. The AsgSy is 
collected in a Gooch crucible, wasljed wKth alcohol and carbon 
disulphide, driecj at iW^’and Weighed. The copper sulphide 
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is freed from admixed sul|!)hur and tracqs of antimony sulphide 
by boiling witli sodium sulphide, and then washed and burned 
to oxide. The filtrate from the copper arsenic precipitate is 
diluted to 500 C.C., 50 c.c. (= I g. sample) ^^re boiled, oxidised 
with nitric acid and, after adding an exce.ss of arhmonium 
chloride, precipitated with amn\onia. As flie iron precipitate 
retains zinc, it should, after washing, b^ redissolved in hydro- 
chloric acid and, after neutralisation, boiled with ammonium' 
acetate or nitrite. The united filtrates then contain all the 
zinc. After adding ammonia and heatii^g to Toiling, any 
and Mg are precipitated by adding a like' ammonitim carbonate 
and phosphate; the liquid should then be stirred for half an 
hour. From the filtrate, the zinc-ammonium phosphate Js 
recovered by boiling off the NH.^, and finally converted by 
ignition into zinc pyrophosphate ahd weighed as such. If the 
colour should not be pure white traces of*Ni or Co phosphate 
may be present? In such ca.ses the filtrate from the iron is 
acidified^ with acetic acid and treated withJd.^S. After twenty- 
four hours the* precipitate is collected and treated with cold 
A^-hydrochloric acid the zinc dissolves, and the Ni and Co 
are not affected. From the filtrate the zinc is then recovered 
as pyrophosphate in the usual way. Hattensaur {CIicdl Coitr.^ 
1911, i. p. 1373) recommends this process. 

• 

3. ZlNC-llMCNDK. 

This mineral is now the principal ziqc-orc. Previously to 
reducing the zinc, the blende must be^ roasteef in order to 
convert it into ZnO, and th^s process was formerly carried out 
without taking any care to deal with the enormous quantities 
of SOg formed. Sanitary legislatioia at last interfered with 
this procedure, which of cour.se laid waste all the cimntry round 
the zinc-works, and compelled measured for dealing with the 
noxious gases. Part of these are now used for the production 
of liquid sulphur dioxide (cf. Chapter J^.) ; mostly, however, they 
serve for the manufacture «f sulphuric acid, so that blende has 
now become orte of the irfore* important raw Vnaierials for this 
purpose. The histo;*ical <iovelopment of this industry will be 
related in Chapter IV. • . ^ 

Blende occurs in large qi^ilntities; for instance, in Silcsi^, 
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VVest| 5 halia, Jlhinelandf Saxony^ Austria, Belgium, Wales, the 
lisle of Man, Spain, Italy, France, the United States, pi nearly 
all of which localities it is utilised for the manufacture of 
sulphuric acid. 

Pure' blende, ZnS, contains 32*9 per cent. S, and 67-1 per 
cent. Zn. The commercial ofe is, of course, always impure. 
We quote the follovving anal}'ses, by Minor (Chon. Zeit., 1889, 


p. 1602), of Rhenish blende: — 





. . . . , 

^ 30-^4 

27.^1 

.MI 

21-05 1 

Zn .. . < . 

*22.73 

27-17 

34 - 4 f> 

31-16 1 

Zn in Ollier loinbination i 

5-03 1 

4*75 

5-83 

6-65 1 

I‘e . . . . • 

15*98 1 

13-12 

2-06 

2-33 1 

^.ini(ue (by dill.) . i 

! ' i 

21-02 

' 1 

27.02 

35 - 54 ^ 

38.84 1 


Dreische analysed a blende from Carinthia : ZnS 68-41 per 
rent.; PbS4-55; FeS> 2-05 ; ZnCC) > 2-40 ; CaCO., 8-93; MgCO.j 
10-62 ; 0-63 ; gangue (principally quartz)’ 2-32 per cent. 

Penn.sylVanian blende, according to F. A. (lenth Sulphur 
32-69 to 33 06 per cent. ; Zinc 66-47 j 0-38 ;'’Cobald 0-34. 

Jurisch (^chivefclsaurcjabnkation., p. 61) quotes analyses of 
various descriptions of blende, burnt by the Chemische Fabrik, 
Rhenania, with sulphur contents varying from 18-40 to 32-20, 
and zinc from 14-90 to 50-22 per cent. 

Ilacnisch and Schroedcr (Chon. Jnd^ 1884, p. 118) quote 
the contents of Silesian blende = 23 to 37 per cent. S, also an 
inferior blende = 8 to 21 per cent. S. 

Blende frequently contain^ cadmium and mercury. The 
latter occurs *m Rheqish blende to the extent of only ~ 0-02 
per cent., but in Spani.sh (Aviles in.Asturia) — 0-135 per cen^. 

According to direct information from the Rhenania Chemical 
Works at Stolberg, the sv.lphur contents in the blende roasted 
there ranges between 20 and 30 per cent. ; on the average 25 
to 28 per cent. Iron Vines not do any harm, but lime retains 
its equivalent of S as CaSO^. Lead affects the duratibn of the 
roasting-beds ; it is particVly volatilised with a little silver, and 
reappears in the jiue-dust, the towen;, and chambers. Mercury 
and fluori»e cre'also volatilised ancl act very"* injuriously on 
the platfnurq vessels used for concaitiation Arsenic generally 
occurs in blende jn such extremely slight quantities that the 
ai:id made frompt may bC considered as technically pure. 
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In our last edition it stated that tjie sulphuric acid, works 
recently refuse to accept blende'containing////^yy7V/^x fruchot (»/. 
Soc. C/ian. huL, 1911, p 207) states that blende nearly always 
contain calcium fluoride, ranging from a few grammes tc;25o to 
300 g. per 100 kg. Lead is attacked notably by sulphuric iicid of 
53° B. containing small quantities of hydrofluoric or hydrofluo- 
silicic acids, and it appears certain that the life of the chambers 
and more so that of the first tower, and that of the Glovep^ 
tower, must be considerably shortened by the use of blende 
containing fluorine. Fluoriifc compounds also attack the 
silicious lining of the (dbver tower. . » ..• * 

Del[)lacc (Ger. P. 200747) removes the fluorides from blende 
by heating the ground mineral with sulphuric acid, if necessary 
with additions of silica in the form of powdered glass or quartz ; 
the fluorine compounds are recovered and utilis6d. 

Jensch {Z. 67/r///., 1894, p. 59) shows by analyses 

that the sulphui'^in roasled blende is mostly contained therein in 
the shape of ferrous sulphide; when roasting down to 2 per 
cent. S, no ZnS is present, and it is therefore quite unnecessary 
to drive the roasting down to 0-5 per cent. S, as is sometimes 
demanded. 

The production of blende in Prussia in 1890 
amounted to 362,464 tons; Belgium in 1889 to 12,376 tons; » 
France and Algiers in 1887 to 13,800 tons; Spain in 1885 
to 2488 tons, in 1908 435,750 tons blehde was worked in 
Germany for the production of sulphuric acid and liquid sulphur 
dioxide. i 

♦ 

Analysis of Zinc-blende. — The sulphur is estimated by the 
wet method as described, p. 96. In the cinders from blende 
th'l same method must bfe employed since the dry methods, 
Watson-Lunge’s (p. 104), in this else give quite wrong 
results. Details respecting this and the other constituents 
of zinc-blende are found in Lunge’ti TccJinieal Chemistd 
HandbooJe and I^unge-Keane’s Technical Methods of Chemical 
A nalysis. * ^ 

A rapid method for tlnj determination of Sulphur in roasted 
blende is described by Nitchie in f. Soc. Chepi. Jnd., 1912, 
pp. 30 et seq. It consists^ii^ heating I'hc sample, prefej-^bly in 
a boat, by means of aia electric tube furnace, in a current of 
air to about looo”, absorbing. the resulting *oxides of sulphur 
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m an excess of standard alkali solution and titrating the excess, 
phenol phtlialein being used as^ an indicator. This method 
(which, according to Nitchic, does not answer for raw ores) 
takes bss than ten oninutes from taking the sample to com- 
pleting the titration, and may be entrusted to boys with but 
little training in che:nical manipulation. 

Hassreidter (Z., aiigciv. Ch'cDi.^ I 90 ( 3 , p. 137) tests roasted 
^^lendc (i) for zinc sulphate, by extracting with warm water 
and estimating the zinc in the solution by Schaffner’s method ; 
(2) for sulphides,' by boiling vvithU solution of 39 g. tin in i litre 
coTik. 'titrated h.ydrochlcv'ic acid, and passing the gases containing 
HoS through a ten-bulb tube charged with a solution of bromine 
in hydrochloric acid, where all the sulphur is retained as H. 3 SO 4 ; 
the latter is found by pr(!cipitation with barium chloride, after 
previously remdving the excess of bromine and approximately 
neutralising with s5diym carbonate. 

4. OtheL Metaij:jc Sulphides— Noxious Vapours. 

l^yritcs proper has hardly any other application than that 
for sulphuric-acid making, and it is obtained almost exclusively 
for this purpose. In the case of cupriferous ]Dy rites the 
sulphur constitutes only a portion, but a very considerable one, 
of its value. The working of poor copper-ores would not pay, 
apart from the noxious effect of the gas produced in calcining 
the ore, unless the price of the ore were very moderate ; and 
this is only possible by the aciil-makcrs paying on their part 
for the ore, «/hich they can well afford, as most kinds of 
cu[ireous {)yrites bc4ia\^e very well in the burners, and yield 
quite as much acid in proportion to**their percentage of copper 
as the non-cupreous •ores? The case of zinc-blende is now 
similar to that of cupreous pyrites. 

The case is differcttit with most other sulphuretted ores 
occurring in smelting operations, such as galena^ the many 
mixed ores containing blende and galena, besides iron- and 
copper-pyrites ; the richer copper-pyrUes themselves, and, lastly, 
the intermediate 'products , '' coarsen jueifaip'^' mattep etc. These, 
for thehv, metallurgical utilisation, equally require a calcination 
evolving sulphur dioxide ; but the matter is very different here 
from what it is with a. good .pyrites, whether it be pure 
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iron-pyrites or containing^ a few per cent, of copper.. On the 
whole, all those ores and metallurgical products are mudi 
poorer in sulphur than ordinary good pyritd’s; and for this 
reason they are less easily calcined in suhh'a manner* as to 
allow of utilising the gas, because the evolution of heat by the 
combustion of their own sulphu^ is not sinficient to maintain 
the process energetically. An external^ stimulus was required 
before smelting-works would seriously attempt to utilise the " 
sulphur dioxide contained in the gas from calcining the ores ; 
and this proved to be the damage and nuv^ance caused by thq 
noxious vapours all round tlie works. The claims for daix^ages, 
the law-suits, and the measures taken by the authorities at 
last made it impossible in many places for the works to f^o 
on in the old way ; and although it appeared at first as if the 
sulphurous acid could not be condensed at all in this case, or 
only at a loss, practice has now succeeded in fulfilling the. 
task in most (biuMiot in all) cases, i)rincipally by the construc- 
tion of improved burners, which will be described in I'.'haptcr IV. 
It would undoLibtcdly be too much to say that the task had 
been solved in all its parts ; the success has mostl'y been only 
partial. In many cases where an ore could not possibly have 
been calcined so as to utilise the gas, mixing of it with others 
has been resorted to. Thus the ITalsbrucke works, near 
Freiberg, roast galena and blende mixed with pyrites ; and in 
1870 they made 8000 tons of sulphuric acid from the gas. 

In reference to the sulphur dioxide escaping as noxious 
vapour, Leplay {cf. Percy, Mctahiirgy^ 1862, i. p. 337) mentions 
that in South Wales annually 46,000 toips ^of sulphur escaped 
into the air as sulphur dioxide, together with arsenic, fluorine, 
lea's, and zinc compounds, in spite of the condensing-chambers. 
In fact, the country round Swansea was stripped of all vegeta- 
tion. At Freiberg the works in 1864 paid upwards of £ 2 'j^o 
damages on account of their vapours/ in 1870, after better 
condensartion had been effected, only ^239. It should not be 
forgotten that sulphur dioxide occuvs in very large quantity, 
although in a much i;norc<idilute state, in all ^coal-smoke, and 
consequently in the atmos’phere and the rain-water of all large 
towns, and fhat the ,most.» perfect “ smoke-combust,ion cannot 
do away with this. Much piore injurious than the vapours 
escaping through high chimneys, which are sopn diluted witji 
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air, is the, smoke from ,brick-vvorks, c^ke-ovens, and other fires 
wtiich emit their smoke at a low*lieight above the ground. Mr 


Fletcher has calculated that 
amouitted : 

From fire-gases . 

„ coppA-works . 

,, glassworks 
„ alkali-works 


at St Helens the acids ^escaping 

. to 800 tons per week. 

,* If 3 ^^ j) 

„ 180 „ „ 

• ff -5 ff if 


Similar calculations have been made by Mr I fascnclevcr 
//u/., 1S79, p., 225), who has ^iven strong proof of the 
damage done? by coal^smokc alone. 

According to the 28/// Alkali Report (fur the year 1891), 
p.*i9, the quantity of aci(^l gas which at that time escaped into 
the air at St^ Helens, calculating HCl as its equivalent of 
sulphur acids, was as fdlovys : — 

'I’ons sulplmr 

• IH'rtuiiium 


From Copper and Lead smelting works , 
,, ClAss-works .... 

,, Polishing-powcler works . 

,, Coahburnt (i^ per cent, of 1,040,000; 

„ Chancc-Claus piocess 
,, Sulphuric-acid chambers . 

,, Alkali-works 


•'i [,480 \ 

7 fSoo - 19,313 

• • 333 ' 

15,600 

620 


•73 ) 
2 I 


Total . . 36,108 


This is the equit^alent of 72,216 tons SO.^ or 1 10,586 H.^SO.^, 
of which the alkali-works contribute onl}- U per cent. Since all 
this is given off from an area oP about 3 sq. miles, each stjuare 
mile at St IlA'lens received the equivalent of 12,036 tons of 
sulphur, against 11 tons in summer or 44 tons in winter on a 
square mile in London. * ' 

In Chapter IV. we shrjll deal with the various attempts at 
utilising, or at least rendering innocuous, the acid gases given 
out in calcining ores, ^ind we shall here enumerate only the 
various classes of ores or waste substances coming iinder the 
head of causing “ noxiouj vapours,” such a^j might serve for 
the manufacture t)f sulphuric acid ^apart from zinc-blende, cf. 
P 109 )- . . *• • . '• 

Co/Ijier-pyrilcs and mixtures of t^ij with blende, •galena, etc., 
arc roasted in .several places in kilns so^s to utilise the SO2 in 
acid-chamber.s — aF Ches.s.y near* Cyons, at Oker in the Harz, 
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at Manzfield, at Swansea^ At the Al&cnau silver-v\;orks near 
ClausthaJ, in 1872, 228 tons of vitriol of 106" Tw. were made 
from copper-pyrites (and 314 tons from lead-matte, Wagner’s 
Jahresber,, 1874, p. 276). At Freiberg th^, Pflulden and Hals- 
briicke works proceed in the same way ; but they only utilise 
ores and products pretty rich in^sulphur for*vitriol-making. 

The following particulars respcctingAhe materials burned at 
the Government works at Oker in 1901 have been communicated 
to me from an official source. The ores are : — 




TiUmps. 

! •’ 

♦Total 



Totia. 

1 

i 

'IVaiH. 


Copper-o’-K.'^, No. 1 

1,205 

! # 895 

2,100 


,, 2 . 

4,095 

1 88 

4,183 


M 3 ■ 

r,M 7 

. 73 

* 1,490 


Ml\(.doK*s . 

7,916 

3,770 , 

11,686 


P3^rjhc li'ad-oic . 

805 


869 


C^oppci 

6,288 

... 

6,288 ; 


I.cad-rnitlc . . . , 

J 3,377 


3.377 


Spill .slciii ” (rei;ulii 9 . 


I 620 

> 

1?620 

1 


Tot.d . . . 

25,103 

6,510 

.V, 6 i 3 1 

1 

1 

Composition of these materials: 




1. 

Coppur UK' 

! 

:i. 

1V1 i\0(l 
oro 

Tyntic 

load- 

or*' 

floppei- 

matte 

l/'ad. 

iiialto 


17.70 

9 ’ 7 o 

4-75 


1*05 ♦ 

30*47 

18*20 

64.38 

23 00 

i 30*40 

33-50 

! 12*40 

24*50 

24*40 

*21*70 ' 

8*93 

9 ’ 5 o 

1 5 -80 ; 

4.90 

21.50 

1 5 - 50 * 

•8.75 

1 5-00 

1-34 

3-70 

1 1 

1-75 

10*05 

6*75 

5 -80 

7*10 

2-95 

32-00 

1 36*00 

1 

40.50 ! 

1 

24*00 

34*00 

» • 

18*70 

17*00 

20*70 


The production of acid at Oker is per annum 21,000 tons 
50'" B., in five sets of chambers of 19, (356 cbm. capacity, 
1068*38 kg. acid -yf 5" B., per i cbm. chamber-space. The kiln- 
gases contain 4 to 5 per cent. SO.,. 1 

Traces of Hg, Tl, jfd, and Sc have been found both m the 
ores and in the? products dbtaincd therefrom. * • 

Apart Irom pUHC pyrites, the "ordinary orc;s” itvc best 
adapted for vitriol-makflig, because they conjai^i their sulphur 
mostly as FeS., ; the "mixe^I* ores”* are les.*^ favourable, cm 
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account of their galena, fand the rich A)ppcr-orcs on account of 
thtir large percentage of copper. Of the lead-ores only those 
amply permeated by pyrites are fit for vitriol-making. The 
sulphur in the ores .f/orked at Oker varies from 20 to 40 per 
cent. ; on an average it is 30 per cent. ; but it must be noticed 
that the sulphur of the galeiyi is altogether unavailable for 
vitriol-making. The cqse is not much better when copper- 
pyrites predominates, because this furnishes too poor a gas, 
and, moreover, decrepitates and falls to powder in roasting. If 
no more than 35 per cent, of copper-pyrites is mixed with 
iron'p^'rites, i\ does no* harm. Blende behaves in a similar way, 
but rather more favourably ; ores containing 35 per cent, blende 
algng with 25 per cent.^ pyrites yield gas quite adapted for 
vitriol-making. 

The iirst sulphuric-acid wtjrks at Oker were erected in 1841 ; 
there is now one of Ihe largest acid works in Germany, viz., 
14 sets of chambers with a capacity of ^800,000 ^ub. ft. 

In the and in. 1904, Ixxviii., p 216, there is a 
report on the utilisation of the sulphur contained* in the Broken 
Hill ore, as freated by the Carmichael-Bhidford process. The 
raw material is mixed with 15 to 25 per cent, gypsum, the 
mixture is broken up to the size of marbles and roasted in 
converters in such manner that the temperature in the lower 
part reaches 400’ to 500'’. When air is passed through it, SO2 
is given off, partly also from^ the gypsum, and the gases are 
passed into lead chambers, where about 350 kg. of sulphuric 
acid is recovered from i ton bf ore, containing 14 per cent, 
sulphur. The plant^a^j that time yielded 35 tons chamber acid 
per week, and it was to be enlarged, 

“ Coarse nietaV^ of copper-smelting is roasted for the manu- 
facture of sulphuric acid »it Mansfield. A product containing 
34 per cent. Cu, 28 per cent. Fe, and 28 per cent. S, according 
to Bode, yields gas with per cent, by volume of SO^, and at a 
sufficiently high temperature to work with the Glover tower. 
In most cases, up to the piesent, coarse metal cannot be roasted 
so as,to utilise the SO.,. 

wasi formerly nowhere \voi*kcd in such a way as to 
extract Its sulphur in the shape of cuiphuric acid. 'The purest 
galena contain? oyly 13-4 per cent,of sil!phur ; it is transformed 
into lead sulpha/e on roa5ting, aVjjd only in the strongest white 
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heat gives off a portion of i^s sulphu'^ as SO^ ; .moreover the 
metallurgical processes to which it is subject are of such‘ a 
nature that only poor gas can be produced from it. This 
subject has been discussed by Bode in \i\^' Bcitragc zur Theorie 
2 i 7 id Praxis dcr Schwcfelsaurc-fabrikation, 1872, pp. 32 and 63; 
his conclusion is that even mixtures of galena and pyrites 
cannot be roasted in kilns for the manufacture of sulphuric acid 
if they contain more than 18 to 20 per cent, of galena. Quite 
recently, as I learn from a pri'jate source, the from galena 
is obtained in a sufficiently concentrated form for utilisation, by 
blowing the galena with air in Ikssemer converters. 

Lcad-mattc is used for the manufacture of sulphuric acid — 
for instance, at Freiberg and in the^Lower Harz; it is th^re 
roasted in large kilns of I2i tons capacity. The matte loses 
half its sulphur, and yields gas with 4 to 6 por cent, of SO., ; the 
temperature, according to Bode, is high (Enough for the Glover 
tower. In the Upper Harz the utilisation of its sulphur in 
metallurgy ha.s^in general not been found practicable. 

5. Bv-products of otiiI‘R Manufacturers. 

Ppoii Oxide from Gas-nwrks. 

We have alre.idy {supra, p. 36) treated of this oxide as a 
material for obtaining free sulphur. We shall now describe it 
in respect of its application for the maniffacture of sulphuric 
acid, which is carried on in many places. 

Coal-gas is universally puri.^ed from ^sulphuretted hydrogen 
by passing it over hydrated ferric oxide, d'he ff.,S of coal-gas 
is due to the presence of pyrites, contained *in the coal, the S of 
wh^ch appears in the gas mostly as sulphuretted hydrogen. 
Most works remove this from the gas' by a mixture of hydrated 
iron oxide and sawdust. In this case sulphide of iron and 
sulphur are formed, according to the equation 

2lie(OH)3 + 3H,S - 2FeS + S + 6H/) ; 
and when the mass, having become Vnactive, is exposed to the 
air, it again passes pver into ferric hydroxK^e, more sulphur 
being precipititted, thus ; ' * ' » . 

2 FeS.+ O3 p 3»H.p - 2 Fe{bH)3 + S.. , 

The hydroxide thus repsoduced and ;nij^d^with sulphur is 
again used in the purifiers, a^i’d is regenerated# about thirty or 
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forty time?, o\cr before \he sulph^ir has accumulated therein to 
such an extent that the mixture does not work any longer ; it is 
then r^])laccd by /resh oxide, and the spent ore is passed over 
to vitriol.-makers. • 

I^hipson states t^e composition of such a mass to be: — 

Water . . . • . .14 per cent. 

Sulphur . * < . . . 60 „ 

Organic substance insoluble in alcohol . 3 ,, 

Organic substance soluble in alcohol (cal- 
cium fej*ro( yanide and siilT>hocy.niide, 
ammimium siiT^hocyanide, ainnfonium 
chloride, hydrocarbons) . . . i'5 „ 

Clay and sand . . . . 8 „ 

Calcium carbonate, f^^rric o\ide, etc. . 13-5 ^ ,, 

If t!ic oxide^ contains considerable quantities of cyanides, it 
may cause great tj-ouble* in ‘the manufacture of sulphuric acid 
(• 3 1 s/ a/ //vt// Rr/>or/, p * 89 ). 

Hot water extracts the ferrocyanidcs and* suljihocyanides, 
together wifli ammoivium chloride ; the solution can be^ evapor- 
ated to dry-ness, and the residue se()aratecl l*y alcolu)! into 
insoluble calcium ferrocyanide and soluf)le sulphocyanidc and 
chloride. 


According to the analyses 

of Davis (rZ/'c;// A Vacs* 

0874, XX ix 

30), three samples of spent oxides contained : — 


• 

4 

1 

11 

111 

Sulphur 

f 64-376 

62-358 

67-956 

Ferric hydroxide .... 

14-121 

17-112 

15-335 

Insoluble 

11-052 

5-099 

8.304 

Moisture . . . • . 

2-079 

5-387 

3-900 

Lime (as CaS) ... 




Sawdust ...... 

2-470 

1-776 

1-002 

Cuh'iuin carbonate . • . 


5-135 

3-006 

Ainrnuniuni -ul{)ho( y.inidc * 

2.f62 

1.324 

1-102 

Aninioiiuim cliloiide . . \ 

Ammonium (yanide . • * • i 

0 605 



Aminouiiim feri0(3.mide . 


1.663 . 


Prussian blue 

trace 

0^366 

» trace 

Tolal . ! 

• I 

• 

1 00-064 

t 

_• _ _ 

ICO -220 

h 

loo-( 05 


These samples seem tto have been taken from precipitated 
iron hydroxide, to judge from furtlfer' analyses by Davis (67/m. 
News, xxxvi. {5. which also tarry substances are taken 

irfto account. 
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The ?o\Wwg labk'gwes the composition of .waste ^as 

oxide, proceeding from different raw materials •.— ' 



i’reeipitatod 

lioc-iroti- 


, 




1 


F(l(011);. 

ore 


c-gpporas 

nxidos 

Ferric hydi oxide 

17.74 to 10.36 

15.96 to 

26.42 

5*0 f 

to 

6.84 

8*72 

to 

20*40 

Sawdust 

1-98 „ 4.72 

I‘I 4 n 

3-72 

1 - 04 . 

,, 

3-24 

2*i6 


0*76 

Calcium c.ii bonaU 

0- ,, 1-04 

0 * », 

1-73 

» 0. 



0* 

,, 

10*36 

Ammonium sul- 









pliocyanide 
Ammoiiiiiin ferio- 

1-99 n 274 

0-94 

I -93 

1-98 


3-41 

I'lS 

” 

472 

(yanidc . 

tiacc 

trace ,, 

0*21 

9.27 


0*64 

trace 

,, 

0-4 4 

'fairy maltcis 

072 to I‘2E 

0.92 „ 

I.I4 

0.72 


I" 1 8 

0-55 

,, 

i.i}4 

.Sulphur 

Insoluble in di- 

62*44 ,, 67.18 

48-76 „ 

57-44 

18.76 


55-74 

32-42 


42*16 

lute IICl . 

3 , 5 47 

9-74 n 

1 1*42 

7-82 

11 

12*68 

I 2*12 


20*71 

Piussian blue 


trace ,, 

0-17 

ti ace 

1) 

1 - 7 ) 

l race 


j >-64 

Call mm sulphate 
Ammonium sul- 



iiace 

11 

1-13 

Ov 


3-23 


phate 



» 

12-78^ 


1672 

0* 


1*14 

Moisture (by difl.) 

4-72 ,, 5 - 7 ^ 

7-22 ,, 

10-82 

7/98 


9*22 

7-49 


33-41 


From these anal)’ses it can be seen, first, that it* is decidedly 
best to extract the mass at first with wafer, in order to remove 
the ammonia compounds, which are in thcmsclvcs» valuable, and 
which, if tlicy get into the chambers, destroy a good deal of 
nitre (their valiu!? is certainly greatly lessened by the sulpho- 
cyanide) ; second!)', that sometimes a considerable cjuantity of 
calcium carbonate is present, which ma\' get into it at the 
gas-works by lime being added, on purpo.'^e or by mistake, and 
which, of course, retains an equivalent quantity of sulphur in the 
shape of gypsum. In fact a •sample C)f the residue left after 

burning contained : • 

' » 

Insoluble . . 33-386^ Calcium sulphate . 13-315 ' 

berric oxide- . 52-399 Sulphur . . o 200 

These impurities (which cause a* loss by retaining sulphuric 
acid) and the sulphates present from the first (which arc not 
available) must be allowed for in (7 the gas oxide. This, 
according to Da-i'is, was formerly done by extracting the sulphur 
by means of carbon disulphide, eviporatiiifj the solution, and 
weighing the sulphur; hw.it as the presencq of tarry matters 
causes an errdr, Davis now makes the analysis* by ‘burning the 
sulphur in a curre?it of 'ah' in a combustion-tubq of 15ohcmian 
glass, conducting the SO., fgrmcd into an a])S(irbing-apparatus 
filled with iodine solution, anp' retitrdting tjie^iinaffcctcd iodine 
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by a soludon of sodiunj thiosulphate^ {Chein. News, xxxvi. p. 
190; cf. also Zulkowsky’s process, *^p. 72). 

Pfeiffer (/. Gasbeleucht., 1905, p. 977) estimates the S in 
spent gas-oxide by bttrning i g. in a bottle filled with oxygen, 
containing 25 to 50 cm. normal NaOII .solution. If the sample 
should not take firef it is taken out, glycerin is poured over it, 
a priming-match is put in, which is lighted and the sample put 
bfxck into the bottle. When the combustion is completed, i 
c.c. of neutral hydrogen peroxide is put in, and the NaOH in 
excess titrated with ac^d and mctfiylorange. 

TIk: burning of gac-oxide is usually performed in shelf- 
furnaccs similar to those used for pyrites-smalls. They will 
be ^described in detail in Chapter IV. Alrec'^dy in 1861, 
at Barki::g Creek, on the Thames, 2180 tons of this material 
were used; but* much larger* quantities might have been got, 
since, according to*A.,W. Hofmann {Report, 1862, p. 15), even 
at that time at least 10,000 tons of sulphur w^re contained in 
the London ‘gas. Much of the acid made from spent oxide is 
sold as " brimstone acid.” * 

In Franca also, at that time, the sultjhur from gas-works 
was used on a large scale for the manufacture of sulphuric acid. 
The factory at AubervilHers, belonging to the Society of St 
‘ Gobain, used no other ; Messrs Seybel & Co. at Liesing, near 
Vienna, and Kunheim & Co. at Berlin (Wagner’s Jahresber., 
1864, p. 153 ; Ilasenclever, loc. cit., p. 167) did the same. 

The rational treatment of spent oxides for the purpose of 
obtaining ammonium salts, fcrrbcyanidcs, and sulphocyanides 
is described i?i Lunge’s Coal-tar and Anunonia, 4th edition 
(1909), pp. 887 and 1*128. 

According to the 41st Alkali Report, p. 105, the manufacture 
of sulphuric acid from speqe oxide requires very close watching, 
on account of the variation in the nitrate-consuming compounds 
which it contains. CeiTain kinds of spent oxide cannot be burnt 
without seriously disorganising the chamber-pr4)cess, unless the 
oxide is first washed. 

. Sulphuretted NydmgenT 

ThcSulphur contained^in Leblaru: elkali^ivaste, i?i the shape 
of calcium sulijhide, has been frequently proposed for the 
manufacture of s^ulphuric acid, nearly always after having first 
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converted it into sulphii\etted hydrogen. The cjnly, successful 
process in this line (the Ch*ance process of treating alkali- 
waste) Ijelongs to the domain of alkali-fnanufacture, and 
cannot be treated in this volume ; it is tiescribed in ohr third 
edition, Vol. II., pp. 945 ei scq. (1909). Only the contriv- 
ances for burning the hydrogep sulphide \vill be described in 
Chapter IV. , * 

Borntrager (Ger. P. T5757) proposes decomposing the yellow 
liquors from alkali-waste by means of ferric oxide (ground damp 
pyrites cinders), to filter the sulphur and ferric sulphide which 
is thus precipitated, and burn it after drying in brdinary shelf- 
burners. [Oxide of iron in this state is a very inferior reagent 
for removingdhe sulphur from yellow^ liquors and the like.]^ 

An anonymous inventor has proposed to absorb the 
sulphuretted hydrogen in hydrated ferric ^oxide 'suspended in 
water, filter, press the residue, dry it, Kind burn it on shelf- 
burners. Wys§ {Bull. ^oc. Ind. Mulhouse, 1890, p. 281) has 
shown that this process is neither ii^vel nor 'in- any way 
promising of ‘success. 

The sulpliureiieddiydrogen given off in the ihanufactiire of 
sulphate of ammonia (cf. Lunge’s Coal-Tar and Ammonia ^ yih. 
edition, pp. 10815*^/ ^'^<7.) is sometimes used for the manufacture 
of sulphuric acid. Here the ITS is not merely diluted with a 
large quantity of inert gases, but is also of very unequal con- 
centration, which formerly rendered the manufacture of sulphuric 
acid from this source an unprofitable process. The same must 
be said of most other cases In which* II.^S is given off as a 
by-product. ^ * 

^ The utilisation of the ^I^S from sulphate-of-ammonia works 
for the manufacture of sulphuric acid has, however, been greatly 
improved and is now no longer a ra«e exception, but is practised 
in a good many English works. If the gas is properly intro- 
duced into the burner (cf. Chapter IV.), the consumption of 
nitre is* ’not cj&ccssive, and it is even possible to increase the 
heat by this means, if the spent oxides should not suffice for 
this purpose. The ^ction»of the large quantity of carbon dioxide 
accompan^ir/g the in* the case of sulpv\att>-of-ammonia 
works would seem to* consist only in requirjng ^ certain 
amount of chamber-^:)ace„contrary to the ppyiion reported in 
Chapter VIII. 
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The HjS gjven off in the refining *of asphaltum at Ventura 
(Colorado) is burnt and lotons of high-grade sulphuric ajid daily 
are made there frdm {Iron Age^ loth July 1902). 

Feld (Ger. P. ap]jl. F26516) takes II^S and SO.^ out of 
gases and vapours by allowing them to act on solutions or 
suspensions of compounds of ziqc, manganese, or iron, if neces- 
sary together with •ammonia, and with air or other oxidising 
agents, with or without heating, so as to obtain sulphur, or 
sulphuric acid, or sulphates. 

^ F. Perry (P. P. 20oC'3, of 191 1) utili^zes the H^S contained in 
producer-gas, (?tc., by aPowing the gas to act upon a solution of 
cupric sulphate, whereby sulphuric acid is set free and cuprous 
sulphide is precipitated. Jhe latter is roasted, whereby 70 per 
cent of :r converted into sulphate, the remainder into oxide. 

SitlpJihr Dioxide fro jn other Sonnes. 

Sulphur dioxide, formed in many manufactuting operations 
as a disagreetible by-product, apart from those already described 
{supra, pp. 1 12 ct seq), is sometimes proposed to* be converted 
directly or indirectly into sulphuric acid. * The special cases in 
which this has been attempted will be treated in the next 
chapter. 

6 . Nituatp: 01^ Soda. 

Its composition is: NaNO.^. 

36-41; |)(‘i cent. 

100-00 

( t 

Hardness 1-5 to 2; sp. gr. 2-09 to ^2-39. In the pure state, 
and in large crystals, it is colourless, transparent, and brilliant 
as glass ; in small crystals ij is white and opaque. The crystals 
are rhombohedra with angles of 106" 30' and 30'. It has a 
cooling, bitter taste. Heated to a certain temperature it melts ; 
at a red-heat it is decomposed into .sodium nitrite and Dxygen 
ga.s. The fusing-point is 316 ’ to 319 C. (Carnelley, / Chem. 
Soc., 1^78, ii. p. 277^. Mixed with coai, it dt^flagrates on heating. 
It attracts moistut^ from the air *(es|^eciafly if m^t quite free 
from chfe^ide.^), and readify di.ssolvo^ 4n water, witli consider- 
able lowering of^the temperature. , 

,One part of sodium nitfate, according to Marx, requires for 


Commonly called “Nitre.” 
(Na./^) - 31-00 

HN,6,) - 54-01 

85-01 
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solution 1-58 part of water at —6^ i-ri5 at 0°, 0-46 a,t +119° C. 
According to Kopp, i part of sodium nitrate at i8'’-5 C. requires 
M4 of water, or 100 parts of water dissolve "8772 parts of the 
salt. In the presence of sodium chloride^, its solubility is con- 
siderably less. 

i* 

Specific Gravity of the Solutions of Sodiirji Nitrate at 2G C. 


' Parts of salt 

Spfc-ilic 

Parts of salt 

Sptifilic 

Parts of salt 

Sppcilic 

111 100 watci 

gravity 

III 100 watei 

t;ravity 

HI 100 Nvator 

Kiavity. 

1 I 

1-0065 

^8 

1-1260, 1 

35.» 

1-2679 ‘ 

2 

1-0131 

19 

1*1338 

36 

1-2770 

1 3 

I-OI97 

20 

1-1418 

37 

1-2863 

4 

1-0264 

21 

1-1498 

38 

1*2958 

5 

*1*0332 

22 

1 -1 5^78 

39 

1* 30^:5 

() 

1-0369 

23 

1-1659 

40 

"-*^1*3155 

7 

I -0468 

24 

,1*17410 

41 V- 

1-3255 

<S 

OOS37 

2S 

1.1822 

* 42 

1-3355 

9' 

I -0606 

2() 

1*1904 * 1 

43 

1-3456 

10 

i.(V )76 

1 “7 

1-1987 1 

44 

1-3557 

1 1 

1-0746 

. 28 

1-2070 ' 

45 

1-3659 

12 

I -08 1 7 

29 

1-2154 

46 • 

, 1-3761 

' 13 * 

'*-0889 

! 30 

1.2239 * ii 

' 47 

1 -3864 

i 14 

1-0962 

31 

1-2325 

1 48 

1*3968 

; 

1*1035 

32 

1-2412 j 

49 » 

1-4074 

16 

i-i 109 

33 

1*2500 

50 

1-4180 

1 17 

1 1 

1-1184 

34 

1 

1-2589 1 




Nitrate of soda occurs in many places in small quantities;* 
but the only large beds which supply the world with this article 
are situated in a region of the^ west coast of South America, 
formerly belonging to Peru and now to Chili. This occur- 
rence, and the industry founded thereon, have been described 
in various communications by Langbejn ^(Wagner’s 

P- 300 ; 1872, p 290^; 1879, p. 390) ; also by VV. E. Billing- 
hurst, of whose book (written in Sjxinish) Darapsky gives an 
extract in the Cheni. Zeit.^ xi. p. 7^2 (y. Soc, them, hid., 1887, 
p. 545). Cf. also Buchanan {ibid. 1893, p. 128) and Behrend 
{Z. dentsch. hiyen., 1899, p. 1199; hhc/iers jahveshcr., 1899, 
p. 406).’ A special booklet on the Chilian nitrate industry has 
been published by Semper and Michels, Berlin, 1904. A very 
complete report on. this* industry was made by the German 
Consulate jiTAntofagasfa, Client. Ind., 191 i,*pp.*758-76L 

The nitre-beds* are principally situated in tlje pilDvince of 
Tarapaca, between 68' 15' ^nd 78'" 18' longit^ide^ and 19'' 12' and 
2C 18' 30" latitude; they alj6 occur* some^yhaJ: south, especifilly 
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near Antofagasta and Taltal. They were discovered in 1821 by 
Mariano de Rivero, and have been worked since 1830. TJie nitre 
zone is situated af an altitude of 3600 ft. above the sea-level. 

In 1*863 Don /oat? Santos Ossa discovered the nitre-beds, 
called Salar del Carmen, between the 24th and 22nd degree of 
latitude, and the bed? of Aguas Plancas, south-west of Antofa- 
gasta (23rd degree ctf latitude), both situated in the province of 
Antofagasta, at that time belonging to Bolivia, now to Chili. A 
Chilian Limited Company was founded for working them, first 
that of Salar del Carmen, and started work in 1869, at first in a 
very primitive 'way by li^civiating the caliche in open-fired pans. 
In 1871 machines were introduced, and the production rose to 
1 5,qpo quintals per montl;; a narrow-gauged railway was also 
built frci..- Antofagasta to Salar, and in 1875 continued to 
Carmen also ; the production of those fields now got up to 
100,000 quintals per menth, and was expected to rise to 120,000 
quintals (6000 tons) per month in 1895,. The railways leading 
to these fiold? were sol^l to the English Antofagasta & J^olivia 
Railway Co., comprising 574 miles. More recently several other 
nitre-beds, sitfiated near that railway line*, have been started : 
(t) An Italian Company, the Oficina Lastenia, near Salinas 
station (exporting 52,000 tons per annum); (2) an English 
'Company, Oficina Anita (exporting 75,000 tons per annum) ; 
(3) another English ('ompany, Oficina Lucie (exporting 75,000 
tons), all of them witli modern German machinery, working by 
electricity; (4) Oficina Riviera (40,000 tons) ; (5) Oficina Ausonia, 
and (6) Oficina Filomena, all of them owned by Italians; and 
several new oficinas were to be erected. The working of the 
AguUs Blancas fields, 61 miles by^^ rail from Antofagast^, 
commenced only in 1881, and was stopped a few years after, 
the expense of carriage to the coast being too great. Only in 
1892 the mines were again started by a Spanish firm. A 
number of oficinas was then erected by this and by a German 
firm. The whole production of the Antofagasta Tlistrict In 1905 
was 543,000 tons per annunn and was expected to be consider- 
ably increased, so that it is now an importar;t rival to the earlier 
worked Tarapaci district. 

An enquiry made by the Chilian Goveunment (Z. migew, 
Chem.y 1907, p. 5f)2)^on the extent of. the ifitre area showed that 
the.gtate possessed 2^000, odo hectares of it (say 5,000,000 acres), 
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containing at least i ,oocf, 000,000 tons|of nitrate, wljich would 
cover the highest demands for exportation for about one hundred 
and twenty-five years; apart from the three- or four-fold larger 
nitre-bearing area, now in the hands of* private persons and 
companies. 

A detailed report on the i^ituation of the Chilian nitrate 
industry has been made by llartwig jn GJieni. Zeit., 1909, p. 
1162. Since 1908, when the nitrate trust broke down, the pro- 
duction of nitre has grown apace. Moreover, the constantly 
increasing production of synthetic nitrate,s influences the market 
to such an extent that, c Denmark since 1908 has bought no 
more nitrate from Chili ; Sweden will soon follow, and East 
India, Africa^ and Peru consume essentially le.ss, while q^hcr 
countries consume more. The prices have also co’jt/raerably 
receded. Evidently in future the cjldei«», well-csta*blfshed factories 
will siffjply the market in free competititvi, but the others mu.^t 
either cease to* work of pass into the hands of their more 
powerfid competitors. Similar opinions <ye found fn.the report 
of the Germah Consulate at Valparaiso in Z. angciv. Chcm.y 
1910, p. 1465 ; in Cficni. Ind., 1910, pp. 400 aiAl 588. The 
producing-cost of nitrate up to the place of shipment, without 
interest and amortisation, ranges from $4 to ijiy and averages 
J 5 i 2 ; to this comes i export duty. The total stock of nitrate * 
in the north of k'hili is estimated at 245,827,000 tons, which 
would cover the present consurnotion for tfie next fifty years. 

Further reports on the Chilian nitre industry have been 
made by the United States (Consul (/. /fid. Eug. Clicin.^ 1909, 
pp. 45-47) and by the German Consul^in Antofagasta {C/ieui. 
Ind^ 191 1, p, 7607 In th^ year 1910 there were in Chili *155 
nitre-factories (“ oficinas ”), of which only 100 were actually at 
w'ork — 65 factories belonging to ETiglish, 53 to Chilian, 15 to 
German firms. 

The nitre-bearing rock, called calu^Jic, is found in layers of 
from la in. to *5 ft. in depth, which rarely crop out at the 
surface. The overlying rock, called is 18 in. to 7 ft. thick, 
and consists principally oSa hard conglomerate of sand, fplspar, 
phosphate.s^ a*nd other minerals. “ » 

The composition of caliche varies; it co^tain^ {"rom 48 
to 75 per cent, of sodiTim njtratc, 20 to .^3 per , cent, of sodium 
chloride, and varying quantities oUsodiup ‘lulphate, calciym 
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sulphate, ^ot|issium nitrate, potassfum iodate, magnesium 
chloride, insoluble earthy portions and organic substance 
(guano). It is fivst broken by a stone-breaking machine, and 
then pfit into the* cj^ssolvers. These are partly open square 
tanks, preferably, however, closed egg-shaped boilers with two 
manholes-— one on the top for filing in the caliche, another at 
the bottom for emptyii^g the residue. The mass rests on a 
perforated bottom. The boilers are filled entirely with the 
broken rock, and half with mother liquor, and were formerly 
always heated by* direct steam injected below the false bottom. 
After one and*a quartei* to two and a fialf hours the liquid, then 
sufficiently saturated with nitre, is run into settlers ; from these 
it fipws, after several houqs, into a second settler, \vhcre, by half 
an hour •'est, it allows some still-suspended common salt to 
subside, and tuen runs intfo shallow coolers. The residue from 
tbe dissolvers, which still contains 15 to 35 per cent, of s'odium 
nitrate, is either emptied at once or ,boilcd aj^ain with fresh 
water. Tlie*crystals, ijeparated in the coolers after draining off 
the mother liquors, are spread in layers of 12 to i*S in. thickness 
on a large suiVace e.xposed to draught, and dried with frequent 
stirring. The total cost of sodium nitrate, up to its reaching 
Euro[)can ports, in 1871, amounted to £S, iSs. per ton, which 
'' left a good margin for profit at the average price of £12 (it has 
reached £16 and more). At present both the producing and 
selling prices are much lower. ^ 

The above-described .system of dissolving by open steam 
was afterwards abandoned for closed steam-coils or similarly- 
acting apparatus ; at^tl^^e same time air heated to 120'' to 150 ’ C. 
is forced through the liquid by meags of injectors, in order^to 
hasten the evaporation. This produces both stronger and purer 
liquors, the quantity of sodium chloride being the same in the 
stronger as in the weaker liquor. 

Fairweaiher (as communicated from Beaver and Norden- 
flycht, B. P. 7478 of 1906) describes an improved arrangement 

of the dissolvers for calichef 

« 

The compositjpn of the crude nilre-ea/th is shown by the 
followin^g analyses {see Table, p. 127). * ’ ^ 

The linalyses a and {a white* A bro^ivn caliche) are by 
Machattie {Che^i. ^Neivs, xxxi. p. 263). They are somewhat 
suspicious, both *>11 Recount of tlig total absence of potassium 
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salts and of the extrernely improbg^bly high percentage of 
sodium iodatc. This is all the more noticeable as Machattie 
at the same time states the average percentage of iodine in five 
samples of niothey liquor to be = 0-56, equal t(f) 0-873 per’ cent, of 
sodium iodate, which may be nearer the truth. The analyses 
L\ d, and c are by V. L’Olivicr {Coniptes^ rend., 26th October 
1875). The analyses of caliche by Dafert in Jlo/iutsli., 1908, 
pp. 235 c/ soq., show nothing new in that respect. 



• 

Caliclife 


Custra 



h. 


‘ d. 


Sodium iiuicil(i 

70-62 

Go 97 , 

5050 

49-05 

18 -Go 

Sodium lod.ite 

i-Oo 

0-73 

... ... 

Sodium iodide 



Ir.ues 

Ir- .s 

.. 

Sodium cliloiidc 

22-39 

16-85 

22-o8 

29-95 

38-80 

Sodiwm sulpliate 

I -80 

4“56 

8-99 

9-02 

16.64 

PoLci''sium ('hiori^o. 


... 

' 8-55 

4-57 

2-44 

Magnesium tiiloride 



0-43 

1.25 

1-62 

M.ignesiiim sulpluilc 


5’88 


f 


Calciuiii sulphate . 

1 0-87 

I- 3 T 

r 

* 


Calcium caiboiiTite . 

.M 2 

0-15 

0-09 

Silu a and feiiic oxide .•! 



0-90 

*2.80 

3-00 

Insoluble . . . I 

0-92 

4-06 

6-00 

3-18 

2o-ro 

Moisture . . . j 

• 1 

0-99 j 

5*64 



Totai . . 1 

100-00 1 

100-00 




_____ i 







The iodiuo contained in the mother liquors is now recovered 
to a great extent, and forms one of the principal sources of this 
article. * ^ 

Graeft and Miu.J,^ 1910, p. i^3j desefibes the nitre- 

beds of the California Nitrate Co. in the East of San Bernardino 
County (South California), occupying over 12,000 acres; he 
gives an analysis of samples from Jhat locality, showing from 
7-2 to 22-6 per cent. NaNCT Owing to the abundance of water, 
this deposit would be more easily worke^d than the Chilian fields. 

A rich deposit has been discovered in the Mohave Desert, 
of which, according to Eng. and Min. /., 1903, p. 186, about 
21,000,000 tons are ^visible; but “this figure is likely, to be 
revised.” Reports on rich beds of nitre in the •Colorado River 
district have been tshown to be grossly exaggerated by*Turner 
(Z. angezv. CJieui., 1907, p. 1.157). ^ 

Another bed of nitrate of^s'oda ha!i bcen^fo^nd in the SouJ;h- 



128 


RAW MATERIALS 


American §tate of Coloi^bia (/. Soc. (}heui. Ind., 1894, p. lOOl). 
It >6 about 100 km. distant from San Juan de la Cienaga, and 
had been proved isp to that time for a surface of 75 sq. km. It 
has a thickness of fr6m 30 cm. to 3 m., and averages ii to 12 
per cent.' NaNO.j, together with calcium carbonate, calcium 
sulphate, and silicatd^. The recoverable nitre is estimated to 
exceed 7,000,000 tow.s, but none of it is as yet in the trade. 
A'nothcr bed has been di.scovered in Texas; this is stated to 
contain 98 per cent, pure nitrate {Chem. Ind , 1902, p. 265). 

A deposit of ’potassium nitrate has been found near Cocha- 
bamba, in llolit ia (Sacc, Coniptes rend., xeix. p. 84). This deposit, 
reported to be enormous, but not yet worked, consists of 60-70 
per cent, potassium nitrate, 30-70 borax, a little salt and water, 
8-6o orgTf^t’c substances. On dissolving the saline mixture in 
hot water ano aooling, pui>e potassium nitrate crystallises out. 

The exportatioi/of ,Iiitrate of soda from Chili during recent 
years has been as follows ; — ^ * 


j 

ISI'S. 

189't 

I'JOO. 

WOl. 

* 1902. 






J 


— 1 


Tons 

Tons. 

Tons. 

Tons 

Tuns. 

ContinciU of Kurope 

904,500 

9S 1 ,000 

1,026,000 

1,036,000 

897,000 

United Kingdom 

132,500 

1 2 1 ,000 

I 26,000 

1 18,000 

1 1 1 ,000 

United States . 

125,000 

133,000 

170,000 

192,000 

185,000 

Othci countries 

16,000 

25,000 

28,000 

i8,oco 

16,000 

Total . 

1,178,000 

1,260,000 

1,350,000 

1,364,000 

1,209,000 

Price on 31st Dec., perewt. 


' 7s. 9d. 

— 4 — 

8s. 6d. 

9s. 

— 

t ~ 1 

1 

, I'JOd 

1 l<t07. 

1908. 

'1009. 

1910. 


Tons 

Tons 

Tons. 

Tons. 

Tunsf 

Prod IK tioii 

T8oo,Ci9 

1,816,917 

2,087,564 

2,239,723 

2,625,000 

Consumption in Europe . 

i,335/^f^9 

1,247.540 

1,644,505 

i, 5«3,27» 

1,651,000 

,, in United States 

330.805 

34 ',470 

326,818 

453,831 

510,000 

„ in other countries 

t 40,904 

27.175 

55.367 

70,401 

89,000 

Total consumption . 

i 

1,702.399 

f 

1,636,187 

2,026,690^ 

1 2,101,510 

2,250,000 




, 




In 1903 the ^American .statistician, Vergara, estimated that if 
the cons^timption of nitrate of .soda^w^mt on increasing at the 
same rate as hitherto, the Chilian^ bed^ would be completely 


exhausted in 19^3-^ 



NITHATE OF SODA 


129 


Bernthsen (Z. angei%. Chem., \gc§}, p. iT6f)) states tht 
exportation of nitre from Chilfin 1908= 1,730,000 tons, of whief 
Germany consumed 450,000 for agricultural purposes anc 
150,000 in its chemical industries. - ' • 


lixports (Did fni ports of Nitrate of Soda from and into the 
United Kingdom {fronUthe lUtic book for 1910). 




atOG. 

11 ) 07 . 

11 ) 08 . 

1901 ). 

1910 . 

Impoi ts 

tons 

108,486 

• 

1 1 3,894 

145 . 7^4 

90,207 

126,498 

Kxportb 

• 

4.725 

6,529 

10,^62 

6,917 

7,133 


Germany in 1910 imported from Norway 780 tons nitrate 
of soda (against 825,000 tons she gu*t from Chili) an^^‘l 7368 
tons nitrate of lime. , . * 

Statistics of previous years are givenjn the former editions 
of this book. • 

When emptyijig nitrate of soda from the bay£ a certain 
quantity* of th« salt, which is always damp, remains adhering to 
them ; this not only ctiuses loss, but renders thero useless, and 
even produces a danger of fire. It is therefore well to lixiviate 
the bags with hot water and to dry them. The solution is 
evaporated t ? a small bulk and crystallised. The mother 
liquor from this operation is alwaws very rich in chlorides, 
which seems to show that the deliquescence of sodium nitrate is 
not a property of the pure salt, hut is owing to the magnesium 
and calcium chloride contained*in it, since the dampest salt will 
adhere to the bags. The washed and dried bagi should not be 
stored in quantity, as they are still very hillammable. 

Composition of Commercial Nitrate of Soda, — R. Wagner 
{faJiresber., 1869, P- 248) found in commefeial nitrate of soda: — 


Sodium nitrate 

94-03 

„ nitrite 

•• - 0 ' 3 i 

„ chloride 

1-52 

Potassi)sm chloride 

0-64 

Sodium sulphate . 

. , 0-92 

,, iodqte 

. ^ 0-29 

Magnesium chloride * . 

.• • 0-93 

done acid^ 

. . traces 

Moisture ^ 

• • 4 : 3 ^ 

• * rho-oo 

ft • 



RAW MATERIALS 


130 

f 

The njtraje of socIHl imported ii\to England, as used by 
vitriol-makers, is much purer than the above sample. The 
English sellers rfiostly guarantee a maximum of 5 cent. 

“ refraction ” (that the total percentage of all foreign con- 
stituents,* inclusive of water), frequently, however, 4 or even 3J 
per cent, refractioil English vitriol-makers would, indeed, 
altogether refuse nitrate containing upwards of 3 per cent, of 
c^ilorides, like that analysed by Wagner, i per cent being the 
maximum allowed. The hydrochloric acid generated from 
them, of course, gives, >vith nitric acid, free chlorine and its com- 
pounds with ‘nitrogen oxides, and causes a loss of the latter. 
The average composition of nitrate for chemical works is — 

96 sodium nitnitQ (including nitrate, iodate, etc.), 

0*5 chlorides (calculated as NaCl), 
sulpluites (ralciJated as NaSO,), 

275 moisture. » 

Gilbert {Z. angcw, Chcui.^ t‘^93. P- 4 p 5 ) pointed out that the 
Chilian niti^e always contains, and always has contained, some 
potassium nitrate. He states that the perceniPage ot' KNO3 
rarely exceeds 5 per cent, and the deficiency of nitrogen caused 
thereby is more than compensated by the value of the potassium 
for agricultural purposes. The old method of testing for 
“refraction” is obstinately adhered to by the producers, and is 
preferred by Gilbert to the direct guarantee of 15*57 P^^ cent 
nitrogen demanded •by the agricultural control-stations. Jones 
[Joe. cit.^ p. 698) mentions that lie had met with nitre containing 
much more potash ; but this nitfe, which is recovered from the 
bilge-water oflthe carrying vessels, occurs only quite exception- 
ally [cf. below). I^ost sulphuric-acid manufacturers do not 
share Gilbert’s opinion : see below.** * 

An impurity fornterl>J entirely overlooked in commercial 
nitrate of soda consists in perchlorate and chlorate of sodium. 
Beckurts [Arch. Pharm,, ccxxiv. p. 323) found in all descrip- 
tions of commercial nitre small quantities qf chlorates and 
perchlorates, and this has-been confirmed fPom all sides. A 
large number of ilicthods have bcen^evised for estimating the 
perchlorate [cf^ Lwnge-Kcane’s technical ^Metlio As of Chemical 
Analyfic, vol. i. pp. 319 ct feqf all of v^h^ch arp practically founded 
upon converging the perchlorate into fhloride, preferably by 
fusing the nitrate ^ith'limc or sodium carbonate and manganese 
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peroxide, estimating the chloride in|the ordinary way, and 
deducti^ig the chloride previously existing in the nitrate. • 

In order to manufacture nitrate of sodU free from per- 
chlorate, which does not occur in the fit^st '’crystallisation, but 
accumulates in the mother liquors, and after using these three 
or four times over contaminate^ the nitrafc crystals up to i per 
cent, Foelsch & Co. (Ger. P. 125206) cods down the impure 
mother liquors to 0" C., i cbm. of which then furnishes 160 l?g. 
of a mixture of salts, containing 150 NaNO^and NaClO.j. The 
new mother liquor, when^ employed for lysdissblving crude nitre, 
at first furnishes nitrate free from perchlorate. • 

Egor (Ger. P. 165310) for the same purpose treats the crude 
nitrate with just enough cold water |o dissolve all the NaNO.^, 

but to leave all potassium nitrate and perchlorate be^Ci^. 

^ ^ ' 

. Analysis of JV it rate of S(hia. 

In the lab( 5 ratories working for the importers of nitrate of 
soda the value of nitrate is mostly only estimatid^ indirectly, 
viz., the “ refraction.” Ten g. arc wcfl dried in a porcelain 
capsule, weighed a^ain, dissolved, the residu«.‘ (if any) is 
estimated, the liquid dissolved to a certain volume, and in 
separate portiotis of the liquid the chloride and sulphate are 
estimated in the usual way. The sum total of moisture* 
insoluble residue, sodium chloride, and sodium sulphate is 
called the “ refraction,” and it is assumed ‘that the remainder is 
real sodium nitrate {(f p. 130). *This may, however, lead to very 
erroneous results, where, for fnstance, the nitre contains some 
potassium nitrate. A case in point has been described by me 
in C/ieni. Ind.^ 1^83, p, 369^ where an error amounting to 3 per 
cent, was caused in this way. Perchlorate causes also errors ; 
and altogether it stands to reason tjat the consumer of nitrate 
receives justice only by a real determination of the nitric acid 
contained in (or, more properly speakiflg, to be evolved from) a 
sample 'of nitrate. On the other hand, the interests of the 
importers and Sealers in nitrate# are quite in the opposite 
direction. According Fischer's fahresber.^ 1899, p. the 
Hamburg ^porters insist fipon the “ indirtet^’ altogether 
deceptive) analysis, and*W(9Lnt the perchlorate to^ be cotnted as 
nitrate. • 

The direct analysis, tjre estimation ot Uie NaNOg (or its 
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equivalent ^of KNO.^), cai^i be carried ofat in many ways, a com- 
plete enumeration of which is fouiVl in Lunge-Keane’s Technical 
Methods of Chemical Analysis, vol. i. pp. 309 ct scq. Amorig these, 
those rrtostly used 'are the Schloesing-Grandcau and the Ulsch 
methods '{cf. below, in the section on Nitric Acid), but at 
sulphuric-acid works the method nearly always 
employed is Lunge’s "Aiitronicicr methodi' which is 
carried out as follows A — 

Dissolve a good-sized sample, say 20 to 30 g., 
of the nitrate in twice its weight of water, employ- 
ing a flask of known contents and heating very 
gently. Weigh out a quantity corresponding to 
about 0*4 g. NhaNOj in an ordinary weighing-glass 
or in a tube with stopcock, as employed for testing 
fci/ning sulphuric acid (Fig. 9). Run its contents 
into a nitrometer, either a 
“ bulb-nitrom(?‘ter,” as shown 
in Fig. 10, or, preferably, 
the non-gradiufted agitating- 
vessel ‘connected with a 
Lunge’s gas-volu meter, to be 
described in 'the next chapter. 
In the latter case no observa- 
tion of temperature and bar- 
ometric pressure nor any 
reduction tables arc required. 
Do not rinse the weighing- 
tube (which would dilute the 
liquid too much), but weigh it 
back as it is. Decompose 
the solution within the nitro- 
meter with a sufficient quan- 
tity of strong sulphuric acid 
and mercury, and measure the nitric oxide givun off as will be 
described in the next chapter, where also a fable for reducing 
the readings to Na'NO^ will be given.# 

1 ^ ^ 

‘ Th^ nitrometer in its us? for the analysis of nitrous* vitriol will be 
described in Chapter III. 



Fig. 9. 


Fig. 10. 



♦citric acid 
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Nitric^Acid, 

This may be called one of the raw mrTerials of vitriol- 
making, although a manufactured product its^elf, in those works 
which employ it in lieu of solid nitrate of soda. 

Nitric acid proper (the monohydrate) has the equivalent 
63-02 (0=i6), and may be said to contain, as formerly ex- 
pre.ssed, 85-; i nitric anhydride (N.pj and 14-29 water, ks 
sp. gr. is 1-54 at 20", or 1-55 at 15". It is colourless if perfectly 
pure; but the strongest acid* of comme^rcc is always coloured 
yellow, or even red, by a*|jartial decomposition iiUo oxygen and 
nitrogen peroxide, (hyponitric acid). Its boiling-point is 
86“ C. On boiling an acid containing a little water, at first 
strong acid distils over, till the boiling-point of the r^-.iiaindcr 
has reached 126 , at which point the thermit;. eter remains 
statioaary, and an acid of constant comj^osftion for any certain 
pressure distils^over. h^xactly the same point is reached from 
the opposite side by distilling more dilute acids, in which case 
water distils f)ver, and the remaining acid becomes* more and 
more concentrated, till the above stationary point is reached. 
The acid at that point has nearly the composition 2NO.J-I -f-3HoO 
(corresponding tb 60 Nfir, and 40 Iip) and a sp. gr. of 1-42.^ 

Iirdmann i anorg. CJicijl^ xx.xii, p. 431) asserts having* 
isolated several hydrates of nitric acid in a crystalli.sed state, 
but Kustcr and Kreinann {ibid., xli. pp. f-42) strongly contra- 
dict his statements. That que.^tion has no technical interest, 
wherefore we abstain from goifig intojt. 

Ihc following table shows the boiling-points^of nitric acid of 
various .strengths : — * ^ 


SiHjcilic 

aoilinjj;- 

^pecili4‘ 

Holling- 

KraviLy. 

llOlIlt. 

4'ravity 

point 


Uef'ims (\ 

• 

Dot^ree.s C’, 

I-I5 

104 1 

1-42 

123 

I-2Cf 

108 ! 

048 

H5 

1-30 • 

113 

! ♦I'SO 


1-35 

II7 j 

1 1-52 

86 

1-40 


1 


« 

• l! 

1 

• 


Some interesting ^lotes.o^ the early fiistory of manufactuPing nitric 
acid in England are contaked in Giittmann’s paper, /. Soc. them. Ind.^ 1901, 
^ 7 - I he cost of producing 260 ^Ib. of r^cid •$}). ^r. •1-375 in 1771 was 
.48, 2s. 2d. without labour. See ak*o W. I\ Reid’s uotef^ ibid, p. 8. 
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hor tJietpcr^entage of^iitric acid for ^different specific gravities^ 
KcJlb {Bull. Soc. Ind. Mulhousc, iJ?86, p. 412) has given a table 
which is now rendered obsolete by the more accurate taBle given 
below, which is derivp^l from the experiments of Lunge and Rey 
{Z. angeiv. Chcin.^ 1891, p. 165). The specific gravities are 
taken at is"" C, referred to wgter of 4° and reduced to the 
vacuum. Ihey rett to rheviically pure nitric acid ; commercial 
acid, containing nitrous acid, etc., contains less real HNO.^ at 
the same specific gravity. 


Spfirilic 

Gravities 

! «. 

Dfj'rees 

' Twail. 

j 190 parts by ueight conlam 

1 litre contains kg. 

at LL 

4 

1 

ITNO[. 

Not)-, 

UNO,;. 





( ^ 




I 'OGo ' 

'I P 

0-08 

0-10 

O-OOI 

0-001 

1-005 


0*85 . 

I -00 

0-008 

0-010 

l-OIO 

2 f 

1-62 

1-90 

0-016 

0-019 

i-ors 

1 3 

‘ 2-39 

2-80 

: 0-024 

0?028 

1-020 

4 

3*17 

3*70 

o*ot 33 

0-038 

1-025 

» 5 

3*94 

4-6o« 

0-040 

0-047 

1-030 

6 

, 4*71 

5*50 

0-049 

0-057 

1*035 

7 

5*47 

6.38 

0-057, 

'• 0-066 

1-040 

8 

6-22 

7-26 

0-064 

0-075 

1*045 

' 9 

6.97 

8-13 

0-073 

0-085 

1-050 

10 

7*71 

8-99 

0-081 

0-094 

1*055 

1 1 

«*43 

9-84 

0-089 

0-104 

I -060 

12 

9*15 

10-68 

6-097 

0-113 

1*065 

13 

9-87 

11.51 

0-105 

0-123 

1-070 

14 

10-57 

12-33 

0-113 

0.132 

1*075 

15 

ri-27 

13-15 

0-121 

0-141 

I -080 

16 

• 11-96 

13*95 

0*129 

0-151 

1-085 

17 

12-64 , 

14.74 

0-137 

0-160 

1-090 

18 

13*31 

15*53 

0-145 

0-169 

1-095 

19 

13*99 

{ 16.32 

0*153 

0-179 

I-IOO 

JO 

14-67 ! 

17.11 

0-161 

0-188 

1-105 

15*34 

17.89 

0-170 

0-198 

I-IIO 

22 

' *16-00 1 

18.67 

0*177 

0-207 

1-II5 

23 

16-67 

1^-45 

0-186 

0-217 

I-I 20 

24 

17*34 

20-23 

0-195 

0-227' 

1-125 

25 

1 I 8-qp 

21-00 

0-202 

0-236 

M30 

26 

18-66 

21-77 

0-211 

0-246 

1*135 

27 

19-32 

22-54 

0-219 

0.256 

1-140 

28 

,19-98 

23*31 

0-228 

0-266 

M45 

29 

20-64 

24.08 

0-237 

0-276 

1*150 

30 

21-29 1 

24.84 

0*245 

^ 0-286 

i *>55 

31 

21-94 

25.60 

P *'254 

0-296 

i-r6o 

32 

22-6t 1 

26.36 

0-262 

0-306 

1-165 

33 * 

23*25 : 

27.12 

0-271 

0-316 

i-ij-o 

34 .. 

23*90 i 

27^8 1 

, 0-279 

0-326 

M 75 

i-i8(y« 

i 

24-54 ! 

28.63 

0-288* 

0-336 

36 1 

25>t8 ; 

29-38 

0-297 

0-347 

1-1S5 

^ 37 

25-83 j 

3 ^* 1 ? ^ 

• 0.306 

0-357 

1-190 

3 ^) • 

26-47 i 

30-88 • 

0-315 

0-367 

1*195 

• 27 -JO 1 

. ?i.62 

0.324 

0.378 


t 
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Specific 

Gravities 

Degrees 

100 parts by^ weight cnntain 

1 littc coiilaiiis kg. 

16 " 

Tw’a<l. 





at 


NuOs. 

UNO-. 


IlNOa. 

1-200 

40 

27.74 

32-36 

0-333 

' 0.388 

1-205 

41 

28.36 

33*09 

• 0-342 

0-399 

I- 2 I 0 

42 

28-99 

• 33-82 

0-351 

0-409 

I- 2 I 5 

43 

29-61 

34-55 

-- 0.360 

0.420 

1-220 

44 

30-24 

35-28 

0.369 

0-430 , 

1-225 

45 

30-88 

36-03 

0.378 

0.441 

1-230 

46 

31-53 

36-78 

0.387 

0.452 

1-235 

47 

32.17 • 

37-53 

0-397 

0.463 

1-240 

48 

32.82 

38-29 • 

0.407 

0.475 ^ 

1-245 

49 

33-47 

39-05 • 

0.4 1 > 

0.486 

1-250 

50 

34*13 

39-82 

0.427 

0.498 

1-255 

51 

34-78 

40-58 

0-437 

0.509 

1-260 

. 52 

35-44 

41*34 

0-447 

0.521 

1-265 

53 

36-09 

42.1t> 

0-457 

^•::3 

1-270 

54 

36-75 

42.87 

0.467 

0.544 

1-275 

55 

37-41 

. 43 - 6 /< 

0-477, 

0.566 

1-280 

56 

38.07 

44.41 

* • 0-487 

0.568 

I -2'^ 5 

57 

38-73 

45-18 • 

0-498 

0.581 

1-290 

?8 

39-39 

45-95 

0-508 

0-593 

1-295 

59 

4^-05 

46.72 

0.519 

0*605 

1-300 

60 

40.71 

47*49 

0-529 

, 0.617 

1-305* 

• Ci 

41-37 

48.26 

0-540 

0.630 

1-310 

62 

42-06 

49-07 

0-551 

0-643 

1-315 

63 

42.76 

49-89 

0.562 

0-656 

1-320 

64 

43*47 

50-71 

0-573 

0-669 

1-325 

65 . 

44-17 

51-53 

0.585 

0.683 

1-330 

66 

44.89 

52*37 

0-597 

0*697 

1-335 

67 

45.62 

53-22 

0.609 

0.710 

1-340 


46.35 

54-07 

0.621 

0.725 

1-345 

69 

47.08 

54-93 ; 

0-633 

0-739 

1-350 

70 

47.82 

55-79 

• 0-645 

0-753 

1-355 

71 

48-57 

, 56-66 

0-658 

0.768 

I -360 

72 

49-35 

57-57 

0-671 

0.783 

1-365 

73 

50-13 < 

. 58.48 

0-684 

0.798 

1-370 

74 

50-91 

59*?9 

0-6^ 

0-814 

1-375 

75 

51-69 

60.30 

0.7#! 

0-829 

1-380 

76 

52-52 

61-27 • 

# 0.725 

0.846 

, 1-385 

77 

53-35 

62.24 

0-739 

0-865 

'1-390 

78 

54-20 

63-23 

0-753 

0-879 

1-395 

79 

55-07 

64*25 . ' 

0-768 

0-896 

1-400 

80 

55-97 

65*30 

0.783 

0.914 

1-405 

81 

56-92 

66-40 

o-8oo 

0-933 

1-410 

82 

57-86 

67-50 , 

o.8i6 

0-952 

1-415 

83 

58-83 

68-63 

0-832 

0-971 

1.420, 


59-83 

69.80 

0-849 

0.991 

1-425 

85 . 

60.84 

70.98 

0-867 

I -01 1 

1.430 

86 

61-86 

7 %i 7 

0-885 

1-032 

1-435 

87 


73-39 

0.903 

1-053 

1.440 

88 

► ’ 64.01 

74-68 

0.921 

1*075 

1-445 

89 

65-13 

75-98 

•o-^i 

1-098 

1.450 

90 , 

66.24 

77.58 

0-961 

• f -121 

1-455 

91 1 

6?. 3 8 

78.60 

0.981 • 

1-144 

I -460 

92 

* 68.56. 

79-98 

1001 

m68 

1.465 

93 

69-79 , 

81.42 * 

^ i-cft 3 

M 93 





• 


• 

• 
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— V 

€ 



Specific 

flravlfcioa 

f 

Degrees 

Twad^ 

100 parts i)y wcigl^ contain 

1 litre contains kg. 





4 

4 ' 


NjOr,. 

lINO.j . 

NoOv 



H^Oy. 

1.470 ' 

9 f 

. 

71-06 

82.90 

1-045 

1-219 

1-475 

95 

f 72-39 

84-45 

1-068 

1-246 

1-480 

96 

/ 73-76 

» 86-05 

1-092 

1.274 

1.485 

97 

75.18 

87.70 

1-116 

1.302 

C 1-490 

98 

76-80 

89-60 

1.144 

1-335 

1-495 

99 

78-52 

91-60 

I -1 74 

1.369 

1.500 

100 

80.65 

94-09 

1-210 

1.411 

1-501 

... « 

81.09 

*^94-60 

1-217 

1-420 

1-502 


'81-50 

95-08^ 

1-224 

1-428 

1-503 

' ... 

8T.91 

95-55 

I-23I 

1-436 

1.504 


82.29 

96-00 

1-238 

1-444 

1-505 

lOI 

82-63 

96-39 

1-244 

1-451 

1.506 

1 

82-94 

96.76 

1.249 , 

1-457 

1 - 5 ^ 

1 

83-^6 

97-13 

1-255 

1.464 

1 

83-58 

97-50 1 

1-260 

1-470 

1-509 


83-§7 . 

97-84 

1-265 

1.476 

1-510 

102 

' 84-09 

98-10 

1.270 

1.481 

, 1.511 


« 84.28 

98-32 

1-274 

1-486 

1-512 


84-46 

98-53 

1 - 27 */ 

1.490 

1-513 

• 

84-63 i 

98-73 - 

1-280 

1.494 

I- 5 H . 


« 84-78 

98-90 

1-283 

. 1-497 

1-515 

103 

84-92 

99-07 

1-287* 

1. 501 

1.516 


85-04 

99.21 

1-289 

1.504 

1-517 

« 

85-15 

99-34 

1-292 

1-507 

1-518 


85-26 

99-46 

1-294 

1-510 

1-519 1 


85-35 

99-57 

1-296 

1-512 

1-520 

104 

85-44 

99-67 

1-299 

1-515 


Correction of the observed fccifie (gravities for tcinperatiircs 


(1 

/itt/e above 

or beknv 1 5 ' C'. 

Add for - r C. 
Deduf t for + r C 

With sp. gr. 

between 

i-dv)o to 

1-020 

o-ooor 


51 

I -02 1 „ 

1-040 

0-0002 

17 

1 1 • 

1-041 „ 

1-070 

0-0003 

>> 

11 

^•071 ,v 

1-100 

c-0004 

1) 

11 

I-IOI „ 

1-130 

0-0005 

M 

• 

51 

1-131 11 

1160 

0-0006 

51 

1 » 

i-i6i „ 

1-200 

0-0007 

11 

51 , 

I- 20 I „ 

1-245 

0-0008 

11 

11 

1-246 „ 

1-280 

0-0009 

11 

1 ) 

1-281 „ 

I.3I0 

' 0-00 10' 

11 

51 

I- 3 II » 

1-350 

0-00 1 I 

11 

15 

1 * 35 1 , 1 .. 

I' 365 _ 

0-0012 

11 

11 


1-400'^ 

q-0013 


11 

I -40 1 „ 

1-435 

0-^014 

51 

1 » 

l■ 43 *'> 

r- 49 ,n 

0-0015 

11 

11 , 

1 - 49 ' 

1-500 

0-0016 

11 

11 


1-520 

0-0017 
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A controversy on the*specific gravit/es of nitric aaid arose in 
1905 between Wintcler and Lunge. Winteler {Cheui. Zt/A, 
1905, p. 689) asserted that in Lunge and Key’s table errors 
occurred up to 2-5 per cent., and he gate a new table of his 
own. Lunge {ibid., 1905, p. 933) replied to Winteler, refuting 
all the objections made by this chemist To Lunge and Key’s 
table, and pointing out that the latter pgree's very well with the 
tables of Veley and Manley ( /. Soc. Chciu. hid., 1903, p. 122;?), 
and of Ferguson. Winteler replied to this {CJiciu. Zeit., 1905, 
p. 1009), and Lunge made a final reply {ibid., p. 1072) which put 
an end to the controversy. • • 

A table of the specific gravities of nitric acid by Putzer 
{Chem. Zc/A, 4905, p. 1222) so nearly ^igrces with that of Lunge 
and Key that it is unnecessary to repeat itj'icre. Exactly 
the same holds good of the table* given by \\'. c’. Ferguson in 
J.Soc: Chein.lnd., 1905, p. 788. 6/ ala-o Veley, CJicni. Ncw<, 

1911, civ. p. 309. 

Loring Jackson and Wing, and a little later oh#R. Ilirsch 
{Chem. Zc/A,*i888, p. 91 1), have shown that the presence of 
loiver oxide.s of nitrogen in nitric acid has a considerable influ- 
ence on its spccjfic gravity. Thus the first runnings from a 
distillation possessed a sp. gr. = 1-62, but contained 12 per 
cent, by weight of HNO.^. Hirsch assumes (without strict* 
proof) that every per cent, of HN(X raises the specific gravity by 
O'Oi. If this were correct, an acjd of sp. gr. [ -44, but containing 
I per cent. HNOo, would really contain only 99 per cent, of 
HNO.pif sp. gr. i'43. Now roo g. of pure acid o[ 1-44 arc = 74-4 
g. LNO.j, but 99 g. of 1-43 only = 7 1-0; jiencc tlic i per cent, of 
HNO^ present makes a difference of 3-4 per cent, of flNO.^ in 
the real strength, compared with the apparent strength as taken 
from the specific-gravity tables. I 

This subject has been more accurately investigated by 
Lunge and Marchlewski. From their *paper (Z. cingew. Chcni., 
1892, p.To) I gfve the following table (sec p. 138), showing this 

influence in the case of nitric acid of sp. gr. .'*4960 ^at )• 

Saposchrfikoff {Chem. Centr., 19OP, ii. p.* 70*^^) and ^Oi, ii. 
p. 1330) has studi^cl the 'Conditions of equilibrium *between 
HNO.j, HNO.^, and NO, i.e*, the formation of ^HNO.^ and NO 
from HNO.,, and the reduction of HNO3 by NO to IIN 02 . • 
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Schallqr (J^hem. 1904, p. 594) found in commercial 

fuming nitric acid from 7*5 to per cent, lower nitrogen 
oxides, calculated as N2O4, and from 0-5 to 81 per cent. HgSO^. 

An ‘investigation e-n the conditions of the equilibrium among 
nitric acid, nitrous acid, and nitric oxide has been made by Lewis 
and Edgar (/. Awek Chou. 1911, xxxiii. pp. 292-299). 


No()4 

per cent. 

Alteiation of 

N0O4 
per cent. 

«< 

Alteration of 

sp. gr. of nitric :icid 
by N.jO,. 

.sp. gr. of nitric acid 
by N2O4. 

0.25 , 

0*00050 


0.04475 

0-50 

O-OC 075 

7-00 

0-04650 

0-75 

0 <X 3 I 50 

7.25 

0-04720 

1 .00 

0-00300 

7-50 

0-05000 

. 1-25 

0 . 004^5 

7-75 

0-05165 

1-50 

0-00675 

8-00 

0-05325 

1 1-75 J* 

0-00775 

8-25 

0-05500 


0-01050 

8-50 

0-05660 

1 2.25 

' 0-01250 

8-75 

0-05825 

1 2.50 

0*01425 

9-00 

(i'oGooo 

! 2.75 

0-01625 

9 - 25 . 

o-o6i6o 

! s-dt 

0-01800 

9-50 

0-06325 

, 3‘'25 - 

€>01985 

9-75 i 

0-96500 • 

1 3-50 

0-02165 

10-00 1 

0-06600 

3-75 • 

0-02350 

10-25 

0.06815 

4 <00 

i 0-02525 

10.50 1 

0-06975 

4-25 

* 0-02690 

10-75 

0-07135 

4*50 

0-02875 

1 1 -00 

' 0-07300 

4-75 

0-03050 

11-25 

0-07450 

5 -00 

0-03225 

11-50 j 

0-07600 

5*25 

0-03365 

n -75 

0-07750 ' 

5 ' 5 o 

,0-03600 

12-00 

0-07850 , 

5*75 

0-03775 

12-25 

0-08050 

6-00 1 

0-03950 • 

12.50 

0-08200 

6-25 

0.04175 

12-75 

0-08350 

6.50 j 

0.04300 



V ! 
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Mixtures of nitric and sulphuric gcid have been studied^ by 
Saposchnikoff {Chem. Centr., 1904, i. p. 1 322 ; ii. pp. 396 and 685). 
He observed the partial |x*essurc of HNO.^ in mixtures made 
with increasing quantities of H2vSO,^, the composition of the 
vapours carried away by air at 25'', the density of these vapours, 
and their specific conductivity. His observations pro^^ed that 
no chemical compound of fiitric and sulphuric acid is formed, 
but in the case of a large quantity of sulphuric acid some 
anhydrous N2OJ is formed, The vapour pressure nitric acid 
is reduce*d by .the addition of sulphurk ftcid ;• the vapours consist 
at first of pure /LP^O.,,. later on partly of N^Or,. He also deter- 
mined the specific gravities of mixtures and their specific 
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conductivity. The spetific gravity j^ows a ^majcimum at 
about 90 per cent. H^SO^ Ov/ing to the formation of ; 

above 90 per cent. the density decreases owing to the 

interaction of II2SO4 with the nitrogen oxides. A continuation 
of this work was published by the same author in 1905 {CJiem, 
Centr., 1905, ii. pp. 381 and 1152; /. Sof. Chcvi. Ind.^ 1905, 
p. 1031). In all these mixtures the vapours consist of pure 
IINO3; hence the admixture of sulphuric acid increases tlte 
concentration of the nitric acid, and makes its nitrating action 
more energetic. The composition of t^Je mixture, possessing 
the highest vapour tension, is : 5HN03-f 2lLS04*f-3H.,0. 

The oxidising properties of nitric acid are well known and 
cannot be dcj^ribed in detail here ; but it should be mentioned 
that an acid containing the lower oxides of nitrogen, .-^uch as 
the “ red fuming nitric acid,” has even more str-^ngly oxidising 
properties than the pure acid, and this Jielps to explain some 
points in the tlieor}^ of the formation of sulphuric acid, as we 
shall see in a subsequent chapter. ’ , 

Reynolds tind Taylor {Chem. Nezvs, 1911, civ. p. 315) exam- 
ined the decomposition of nitric acid by the action^ of Hgf/t. 

* Mann faeiurc of Ad/ric Acid. 

This acid has been known since the times of Gebcr, in the • 
eighth century; and Raymiindus Lullus in 1225 taught how 
to prepare it by distilling a mixture of clay and saltpetre. 
Nowadays it is always made by* distilling nitrate of .soda with 
sulphuric acid, an excess of thelatter ^cid beyond the theoretica 
quantity being used in practice. The equation : 2NaNO.^-f- 
H.,S04 = 2nN0.j+Na3S04, in theory ‘requires for 85 parts 
of NaNOo 49 parts of SO^Hg, and yields 63NO3II along with 
/iNa^SO^; this comes to the samejas ^7-6 parts of or, 

say, 60 parts of ordinary strong oil of vitriol (with 95 per cent, 
of SO^II.^) to 100 parts of 95-per-ccnt* nitrate. If these pro- 
portion.s*are used, a portion of the nitric acid is always decom- 
posed into O and N2O4, and rcc^ fuming acid is obtained. 
Ihis arises from the fagt that the above' equation is only 
realised at ^high tJmperatifre, whilst at les.'? cltvated tempera- 
tures sodium bisulphate is /ormed : NaNO.j-f Il2S0, = 4fN03-f 
NaHSO^. Moreover, the presence of strong sulphuric acid, 
owing to its attraction for the •elemeiTts of water* has a tendency 
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to split up some HNO.^lJnto H2O ancl 'N20r,, the latter compound 
being at once decomposed into’ and O. To avoid the 

loss involved in this operation, generally more dilute nitric is 
produced by emploj^ing weaker sulphuric acid, say of 140'’ to 
148'' Tw.', and more than the theoretical quantity of it, generally 
from 20 to 30 per cent in exce^ps of the simple equivalent. In 
this case the adrriixturc of a certain quantity of sodium 
bisulphate makes the residue of distillation much more easily 
fusible and facilitates its removal from the retorts. When the 
acid is made at factories where salt is decomposed, even more 
sulphuric acid than the above is generally employed, as the 
excess is not lost, the residual “cylinder-cake” or “nitre-cake” 
being regularly mixed w^th the salt to be decomposed in the 
sulphate-pans; in this case as much sulphuric acid is saved as 
corresponds tcMhe bisulphate* contained in the cylinder-cake. 

Nitric acid was formerly made in glass retorts, but' nowa- 
days cast-iron retorts are universally, employed. The retorts 
belong mainly to t\YO different types — horizontal cylinders, 
charged sideways, and pots or stills, charged from the top. 

The ordiliary type of French cylinder apparatus, used in 
many places outside of France as well, is represented in Figs. 
II and 12 on a scale of i : 25. The ends of the cylinders arc 
here exposed to the air and consist of cast-iron disks, li in. 
thick, cemented into the rebates cast on to the ends of the 
cylinder by the usual rust cement (100 iron filings, 5 flowers 
of sulphur, 5 sal-ammoniac), or by a mixture of this with 
ground fire-brjeks and the like. At all events the back end 
is fixed in this wa}/, ^nd is provided with a pi[)e for taking 
away the vapours; the other end, is made to take off and 
serves for charging the nitre and discharging the residue. A 
hole and S-shaped funnel •in the man-lid allow of running in 
the sulphuric acid. These cylinder-ends cause a good deal of 
cooling, and con.sequenfly a loss of fuel, which can be avoided 
to a great extent if they are not made of* iron but of a 
single stone flag ^each ; tlfe charging-end also remains fixed 
in thi« case, the ^nitre being charged through a small general 
opening in it, ind* the residue being run off in iMiquid state 
through*a pipe generally closed b>» iiP gj^jflnd-in iron stopper. 
A little more sqlpljuric acid is employed in this case, so as to 
obtain a very J 3 ui(^ mass at th^ end. If sulphuric acid of 





eighteen hours is kepf so that of eight receivers only the first 
five are warm to the touch. If the heat getg up toa high, the 
contents of the retort i«ay boil over, an 3 far more ruddy 
vapoiirs will be formed. The end# of the reaction is known 
by the cooling ofthe receivers ; then the fire is increased again 
for aliltle time, and at last is allov^d to^ down. 

In regular work, some red vappurs are formed at first, but 
njuch less wit^ rather \Veaker ‘acid (say 135'' Tw.) than with 
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stronger acid. At the eftd the red orjyellow Vc^poivs appear 
again and last up to the finish. 

The cylinders are sometimes cast so that" their upper half 
can be protected against the attack of <*lie acid by lifting it 
with acid-proof bricks (sec Fig. 13); but some believe that this 
does more harm than^good, as^ the uppef part of the metal 



Fig. 13. 


cylinder is all the less acted upon by the nitric ai^id the hotter 
it becomes. 

A more perfeut form of cylinders is that employed at the 
Griesheim woiks, and shown in full detail in Figs. 14 to 17 with • 
all the measurements marked in centimetres.^ 

These retorts work off 8 cvvt. of nitre p«r twenty-four hours, 
with an expenditure of 2^ cwk of coal or very little more, 
inclusive of the time of filling atid em]^)tying. In case of need, 
25 per cent, more can be charged, without fear i,*^f boiling over, 
with careful work. Such boiling over ctc«rs more easily with 
strong sulphuric acid (of 1-84 sp. gr.) than with weaker acid 
(140^ Tw.). The setting is so arranged that the fire-gases 
entirely surround the cylindrical part, and the ends are made 
of sandstone slabs, cemented and kept hi their places by iron 
bars pressing against them on the outside. In this kind of 
apparatus no corrosion takes placg, wherefore the arrange- 
ment shown in Fig. 13 is quite unnecessary. The exit 
opening continues into a glass tube, forming' C4)nnection with 

^ • . . . * • 

* These figures are fro 11 Haussermann’s article “Nitric Acid,” in 

Muspratt-Bunte’s Enc. d.Techn.^Chcmte^ 4th edition, vii. pp. 651 et seq. 
Some notes from this article are also given in the following pages. 

Q • • 


144 


ilAW MATERIALS 


the cund^nsii^g-appara|us. The arrangement for running off 
the nitre-cake is made quite clear in Fig. 14. 

The objection sometimes made to cylindrical retorts, that 



they do not efa^ity permit the itianufactflre of strongest 
nitric*^ft:id, is refuted by*the exper^ei^ce ^f many years at the 
various works belonging to the Griesheim Company. 

The Societa L Voget in Mi 4 an (B. P. 6846 of 1904) makes 



Fig. 1 6. — Front elevation. 
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nitric acid ii> cylinder^ placed in tfte dust-chambers of the 

pyrites kilns. ® . . 

The other class of retorts, in the shape of pots or stills, is 
either entirely surraunded by the hre, or with its top exposed 



Fig. 17.— Sectional plan. 


t 

to the air. The former kind, as employed in h ranee for very 
strong nitric acid, is slfown in big. 18. It consists of cast-iron 
pots of from 4 to 5 ft. diameter and equal heH,drt, and a metal 
thickness of to 2 in. (rather thicker at the bottom). There 
is a v>de neck rt'at the top, closed by a lid, fastened on with 
a suitable cem'fent( e.g. a mixture 'of clay and gypsum. There 
is a fuTse b for carrying away tbc' ga', either coming out 
perpendicularly at the top, as shpwn here, or bending away 
ho/izontally, as in a labbratory , retort ; this tube should be 
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lined with an earthenware tube as fa$ as it is at a^l liable to 
cool down below the point where the metal can be acted upon 
by nitric acid. Another tube c serves for introducing the 
sulphuric acid; this is preferable to rumiing it in through the 
neck dy after charging the nitre. Sometimes there is no pipe 
provided for running out the liquid resiefue, but it is better to 
have one, as shown at d, and to protect this tube against the 
direct action of the fire by a fireproof coxering. Where tins 
is not provided, the liquid residue must be ladled out through 
d at the close of the operation, which is a disagreeable pro- 
ceeding. The pot is set in a furnace 5 io that it* is altogether 
surrounded by the fire, even at the to}), to which access is 
afforded for charging by lifting off 4 fire-clay slab, or a metal 
plate filled with ashes, as shown at c. Ily this »^:eans a saving 
of fuel is effected, and the equal* heitting: oi the retort causes 
it to ^Jtaiid the action of the nitric aoid very well. A pot 
5 ft. wide and 5 ft. high. takes a charge of 9 cwt. of nitre, and 
requires from sixteen to eighteen ho^irs to work this off, 
including the^ime for charging and emptying. Of this time, 
one hour may be reckoned for charging and mal.!ng the joints, 
six hours for the first stage, where red fumes ap[)ear, about as 
much for the second stage, where the vapours arc almost 
colourless, anc' four or five hours for the last stage, where the* 
temperature has to be raised much higher, the yellow and 
red vapours appear again and more water comes over with 
the acid. 

That kind of pot where tlic topv(with the. small hole) is 
exposed to the air is shown on a scale ^of i : 6(J in Fig. 19. It 
forms part of the Valentiner vacuum system to be described 
below. The pot, for a charge of a ton of nitre, is composed of 
two parts. The outlet-pipe for tile nitre-cake runs almost 
horizontally, so that it is easily cleaned. The gas-pipe first 
enters a small receiver, destined to keep* back any froth carried 
over. S^uch a vacuum retort is finished in twelve hours, with 
about 4 cwt. of coal per ton of nitre.® ^ 

A good cement foy permanent joints against nitric acicUin the 
retorts consi^its of 10 parts powdere<j volvic'lava, 7 iron filings, 

7 powdered brimst^ic,* > fire-clay, 10 ground fire-bricks, 
moistened with as little water as possible. If^ca^efully stemmed 
into the joint, it becomes ver^'hard. 
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A cement for the eart^ienware pipe% etc., in the cwndensing- 
apparatus can be made from 5 parts hot linseed-oil, 2 parts 
brimstone, 2 parts india-rubber scraps, and enough sulphate of 
baryta to produce a thick paste, which is^employed in the hot 
state. 

The most universally employed cemeni; for nitric acid (and 
other acids) is asbestos cement. Guttmann gives the following 
prescription for preparing it One part of the usual 33 per 
cent, solution of silicate of s^da is dissolved in 19 parts water, 
and asbestos powder is kneaded with it, in small quantities at 
a time, until a tough paste is obtained. Shoulcf a cement be 
required which will become very hard, a little finely powdered 
barium sulphate is mixed with it ; but this is not desirable where 
pipes have to be changed, as this cement caniK*^ be removed 
without risk of damaging the pottery. If too h'tHe water is used 
from the first^ the water absorbed by the cement will cause 
it to swell and to burst tjie sockets. The cement is applied in 
small bits, and tightly pressed in by means of a piec^ of wood 
with a bliint-e*ided tool. The surface is flattened and moistened 
with some silicate of soda solution. If the putty m the sockets 
shrinks, about I in. of it is raked out and fresh cement 
put in. 

Asbestos ce ment must never be treated with pure water to* 
begin with, but with acid or acid fumes, in order to ensure its 
setting by the separation of silica. 

Sadtler (C'bem. Trade /, xxxiv. p. 517) gives a general 
description of such cements or “ lutes.” , 

Guttmann (/. .SV. Chem. ftid., I9(i8,^p. 668) reports that 
nitric acid stills arc now made much larger than formerly. 
Until lately, the largest still was of 2I tons capacity, but he 
mentions a cylindrical still of several in use, each holding 5 
tons, and speaks of one of a capacity of 10 tons nitrate of soda. 

Figs. 20, 21, and 22, from drawings which I owe to the 
kindness* of M: H. H. Niedenfiihr, show the kind of still 
employed by Mr O. Guttmann in* connection with his con- 
densing-plant, but af coifrse applicable in every otheu case. 
The drawing^ arc to scale and are clq^r enough without further 
explanations. The l>ick retting, as arranged by Mr Nieden- 
fuhr, has had an excellent effect, and admits^ of finishing a 
charge of 12 cwt. in twenty-four hours witl^onl^ 17 per cent, of 
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coal. The internal flanges have the. effect of, diverting the 
contents of the pot, when frothing, towards the centre, and of 
preventing any acid condensing from running dowji the sides. 



Thr*sc retorts have been found specially useful for making a 
maximum of strong acid.^ 

^ Guttmann (/. Soc. Chem. hid., 1905, p. 1331) declares Niedenfuhr’s 
statements and plans, as given above, to be unauthorised by him and 
incorrect^ but lie does not say whnt errors there are in them. In a letter to 
myself he stated flic following defects in Niedenfuhi's plans. The fireplace 
is unnecessarily lined with fii e-bricks ; thf bottom of the retort is not suffici- 
ently healed. The bracing-riwls outside are unnecessary. The running-off 
pipe for the bisulphate is suic to 1 e leaky, and the pla^ilng of the wagons for 
it in the same room ns the condensation is objectionable. The cedars shown 
and intended for diying the nitre are wrongly arranged ; Guttmann himself 
employs cast-iron plates, below^which the last flue of thj fire-gases produces 
sufficient heat (80°). If surrounded by these fire-^ases^on all sides, the iron 
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Usually it js prefcrrejl to cast sucli*conical pots in one piece 
(like caustic-soda pots), and to s(it them so that the cover pro- 
jects over the bridkwork. In order to keep the cover sufficiently 
hot, it is covered by adaycr of ashes or by bricks ; the drying of 
the nitre" in this case is equally performed by the waste heat 
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of the fire, but in a sdpar^te place at the end of the retort- 
bench. 

According to notes from actual practice, the nearly cylindrical 
middle part of the Guttmanil retorts (sec Figs. 20 to 2*2) lasts 
practically for ever. The bottom parts may last* up to ten years, 

the covers about ofie year. The latter are surrounded with a 

••• . « 

plates st|jnd for many years, tie builds his retorts for charges of i ton 
each, worked off in twelve to fourteen houms, ‘including the charging, dis- 
charging, and cooling ; recently he goes gven up to retorts for 2j tons, 
which are easily managed by a (Xaidensing-bakery of twelve pipes. 
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sheet-iron rim and serve lor drying the, nitre. [It v.H^uld seem 
preferable to me, on the contrary, to avoid any condensation 
inside the covers by protecting them against cooling by brick- 
work or otherwise, and to effect the dk'ying of the nitre by 
means of the waste heat from the retort fires.] Each retort 
receives a charge of 12 cwt. nitre and ewt, sulphuric acid 
(95 per cent.), which is worked off in fourteen hours with only 
8 cwt. of coal. The nitre-cake is run off at once, and the retort 
is ready for charging again af,^er cooling for an hour. A set of 
10 retorts is worked by two shifts of thr^e men each ; the men 
have also to wheel the nitre from the storehouse jfnd to manage 
the condensation. 

At some works they use large scmicylindrical troughs of 
cast metal with broad flanges and a vertical rir. all round, in 
order to cover them by a brick arch o\ a stone slab. At others 
they employ large pots with rounded bottom, lying on their 
side: the open end, wjiich forms part of the front of the 
furnaces, being closed by a stone slab. Neither of these forms 
has founef ver^ much favour elsewhere, 

IVcntice (Ik P. 6960 of 1893; Ger. P. 79645) carries on the 
process in a continuous manner. The nitre is mixed with 
sulphuric acid outside the retort, preferably in a kind of rnortar- 
mill (according to B. P. No. 8902 of 1893, large excess of* 
sulphuric acid should be employed and the residue subsequently 
used for the manufacture of superphosphate). The mud thus 
produced is conveyed into a heated chamber in which the 
nitrate dissolves in the sulphuric acid, but no lytric acid is as 
yet split off [?] ; here chlorine and nitrogen tetroxide are 
liberated and escape into a condensing-apparatus. Owing to 
this the nitric acid is later on free from volatile impurities [?]. 
The mixture is now charged into# the retort, which has an 
oblong section and is divided into a number of separate chambers 
by partitions starting from the cover and not reaching entirely 
to the bottom. .Above each chamber the cover is provided with 
a head and vapour-[)ipe. The retorf is heated from below, and 
the fire-gas subsequently tfavels round the sides. The mixture 
coming from* the heating-chamber enters the frst chamber of 
the retort, where it bcgiini ^o boil and gives off a large quantity 
of strong nitric acid mixed with a little nitrogen tetroxide. 
The mixture now, without teasing’ to bpil, ^ows on from 
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chamber to chamber, giving ofif pure nitric acid, which gets 
weaker and weaker in the follc/vving chambers. In the last 
chamber, placed immediately above the fire, the temperature is 
highest; here the l^st nitric acid is driven off, together with 
much w^ter and a little sulphuric acid, and the nitre-cake is 
drawn off, free from* the nitrate By this method two-fifths of 
the fuel and four-fifths of the condensing-plant [?] can be saved. 
A still producing 4 tons per week weighs less than 2 tons. A 
communication by Prentice in ^he /. CJicdi. bid., 1894, 
p. 323, gives nothing new. In discussing it doubts were 
expressed as* to whether that process is applicable at such 
works where the residue cannot be utilised for the manufacture 
of superphosphate, as it contains a large excess of acid. Indeed, 
this extra quantity of acid required for working that otherwise 
very ingenious pjjocess hjfS made it an economical failure. 

, Uebel (patents of. the Chemische Fabrik Rhenania, B. P. 
27240 of 1898, and 3305 of 1901) proceeds in a novel way for 
the manufecture of ni^tric acid. The nitre-cake, running out at 
a high temperature from the retorts, is mixed ^vith sulphuric 
acid of abouk 1-71 sp. gr. in such proportions that a “polysul- 
phate” is formed, the water being evaporated by the heat 
remaining in the nitre-cake. This polysuI[)hatc, of the composi- 
tion = NaH.j(S04).2, serves instead of fresh sulphuric acid for 
manufacturing the next batch of nitric acid, in which case the 
latter is obtained of the highest strength just as if the strongest 
sulphuric acid had been employ^ed. Of course the fresh nitre- 
cake formed fi;om the second operation amounts to much more 
than that from' the first ; therefore a portion of it is set aside in 
the* ordinary manner, and the remainder is again employed for 
making nitric acid. The practical work carried out witn this 
process has led to the construction of a new and original 
style of retorts, which may be very usefully adopted even when 
nitrate of soda is to be decomposed in the ordinary way by 
sulphuric acid, not by “ poiysulphate.” 

The principal advantages of the new proce.ss are : that the 
alterr^te heating and cooling of the <ippar^tus is avoided, which 
produces a saving in fuel and prolonged duration K)f the plant ; 
that fiiere is not the .same inequality of the nitric acid as is 
produced during the period of working off a retort on the old 
system ; that much smaller an,d con.sequently much cheaper 
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plant and only half of the ordinary grpund-space air required 
for the same output, both for distillation and condensation (the 
Uebel plant may be combined with any of the systems of 
condensation to be described below) ; that there is less labour 
required ; and that the strongest acid can be made by means of 
ordinary sulphuric acid 140° Tv^, as its wafer is evaporated free 
of expense in the formation of the polysulphate — “ waste-acid ” 
from nitrating processes being equally fit for employment. * 
The Uebel process is ilh^stratcd in Figs. 23 to 25. Two 



parallel retorts A, A' (consisting af a’cast-iron bottom piece 
and a stone or stoneware cover) are alternately charged with 
nitrate of soda and the requisite quantity of liquid ‘‘ poly- 
sulphat( 5 ” (or else, if there is a sufl?cient quantity of strofig- acid 
at disposal, where manufactift*ing by contact processes, 
directly with such ^cid).* The heating is performed by the 
waste fire gases of the lower retort B, a temperature of 170° to 
200° C. being thus attamed in A and A'. When most* of the 
nitric acid has been expelled, the contents of A and A' are let 
down into retort B, wherq, the last porlionjof nitric aci^ is 
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liberated, at a temperature of about 3g)o'' C. The cT3ntents of 
B have, of course, been previously run out, but never completely, 
leaving always a stock of hot liquid “bisulphatc” in the retort. 
The bisulphate (nitre-cake) is run from B into the cast-iron pan 
C, where it is mixed with previously heated .sulphuric acid of 
about 140'' Tw. (or with waste, acid from* nitrating processes 
of equal strength) in the proportion of forming a tetrasulphate, 
H.,SOp NallSO^. In consequence of the high temperature of 
the liquid nitre-cake, the w'at^r present in the fresh sulphuric 
acid is evaporated (together with any .nitric acid present in 
waste acids, if such arc employed) and is carried a\t^ay by a pipe, 
or a vapour hood, not shown in the drawing. Half of the 
“ polysulphate^’ formed in C is employed for a fresh operation 
in A, A', the other half being at disposal for any outside 
utilisation in lieu of highly concei'itrated acid. Jf such utilisa- 
tion is' not possible, half of the nitrc-cake fs run out from C 
before adding Hesh sulpliuric acid and only the other half is 
employed for making “ polysul[)hate,” the unemployed half 
being utilised fn the manner followed in other cases. 

(An English patent by Claes, No. 1072 of 1900, describes the 
manufacture of “ polysulphates ” from nitre-cake and sulphuric 
acid as a commercial article.) 

The flame of the hearth F first heats retort ]], which is pro- * 
tected by an arch, and then, according to the position of the 
damper, either A or A', v, v are valves for discharging the 
contents of A, A' into B ; ?/' another valve for discharging B 
into C, placed high enough to leave a stock of liquid nitrc-cake 
in B. 

After heating-up, A is charged with 8 cwt nitrate of soda, 
previously dried on the .shallow basins T, T' on the top of the 
furnace. The charging is pcrformeci through manholes II, H', 
which are afterwards closed by covers and kept tight by nitrate 
of soda heaped upon them. Then fusecr* polysulphate is gradu- 
ally run tn through a swan-neck p^pc from the tilting-box K, 
previously lifted to the top of the ffirnace. This polysulphate 
will be at a temperatyre o^about 120' or 130'’, and must ihere- 
forc be grad^ially introduced within from half an hour to an 
hour, .so as to avoid a tumultuous evolution of nitric acT3. Of 
course, in lieu of this, fresh acid can be employed, as stated 
above. During the introductip'n of the hot f^ply^lphate damper 
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2 is closed and 2 is opened ; when finished, ^ is opened so that 
the fire-gases play upon A. When the temperature has risen 
to about 170°, nearly all HNO3 has been driven out; the thin, 
liquid melt contains, & little nitrate and all the water introduced 
with the' nitrate and the polysulphate or fresh acid. It is now 
slowly run through valve v into retort B, where it meets with a 
stock of hot bisutphatc. Here, without the frothing taking 
place in the old, directly fired, retorts, the last nitric acid and the 
water is drawn off within a very jihort time. The contents of B 
remain there until th(? contents of A' (which has been charged 
and worked 'in the md^ntime) are ready to be run off, which 
takes from three and a half to four hours. Then B is dis- 
charged into C, where fre(Sh acid is run in as before described, 
so that room is made in B for receiving the contents of A'. 
Retort A in th^ meantime 'has been left empty for an hour, 
. damper 2 being closed, in order to cool clown. ^ Now the poly- 
sulphate is run out of C into the tilting-box K, which is hoisted 
up to ser.ve as before?. Thus a charge of 8 cwt. of nitrate can 
be worked off in each of the retorts A and A' every four hours. 

According to Hasenclever (/. Soc. CJicni. Ind,^ 191 1, p. 1293), 
Uebel’s three-boiler apparatus has been adopted in many cases. 
It secures material savings in space and fuel. The apparatus 
treats 1800 kg. nitrate of soda in twenty-four hours (/. Soc. 
Chcni. Ind.^ 1911, p. ^1293). 

The Chemische Fabrik Griesheim-EIektron (Ger. P. 170532) 
modifies the ordinary nitric-acicl process as follows. Nitrate of 
soda and sulphuric acid are gradually introduced into the 
retort at the same tin\c, but in separate places, with exclusion 
of hir, in such manner that the temperature in the retort 
remains always above 140^ This avoids distillation by jumps, 
frothing over, and the necessity of cooling of the retort for a 
fresh charge, and lessens the wear and tear of the retort, and of 
the stoneware apparatus. (This process has been worked for 
some time at Offenbach, but the patent has been dropped.) 

Valentiner and Schwail (PY P. 374902 and U.S. P. 920224), 
in the manufacture of nitric acid Ruder, diminished pressure, 
restrict the passage betwqen the retort and the condensing-coil 
to half the diameter of that coil, c The higher pressure thus 
maintained in the^ retort prevents the uprush of sodium nitrate 
through the sujr)eripcumbent sulphuric acid, which causes the 
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distillation to progress more rapidl}^. The oondensing-coil 
extends to the bottom of the first of a series of receivers, so as 
to form ^ a liquid seal and gases, as lower nitrogen oxides and 
IICl pass on, leaving pure nitric acid behind. 

Thelladische Anilin- und Sodafabrik (Ger. P. 22737/) manu- 
facture nitric acid in a continuoijs way. The mixture of sodium 
nitrate and sulphuric acid passes through a series of stills which 
are heated each by itself to various degrees, and in which tlfe 
contents are kept in mechanical motion. The outlet pipes for 
the vapours are shaped as siphons, and .the vapours are separ- 
ately condensed. With a scries of 5 stills, the tem^)eratures and 
strengths of acid, etc., are as follows : — 


* Temperatoro, 
Degroes. 

Still No. I . 1 10 to 120 

^ 2 . 150 „ 170 

„ 3 .•210 „ 250 

„ 4 . 250 „ 2<sd 

n • 5 ,• 280 „ 300 


) 


StrHngth of acid 
96 to 07 per cent. | 
88 „ 90 


60 


V 


(60 per cent, of 
tiie total acid). 


C 


Schellhaass (Ger. P. 241711) also makes nitric acid in a con- 
tinuous way. Sulphuric acid and fused nitrate of soda arc 
separately introduced as a spray into a tovvcr-iike retort, kept at 
a temperature of iSo'". In this retort the materials float about • 
and are tlu)ioughly mixed, so that the reaction is quite 
complete. Nitric acid of high concentration distils over the 
sodium bisulphate, which contains some nitric acid, is collected 
in a second retort, heated to about 300'', from which a more 
dilute nitric acid distils off. 

Wintelcr {Chem, Zeit.^ 1905, p. 820) g*ivt^s the following rules 
for obtaining nitric acid of the highest concentration, and a good 
yield of it. (i) Keep the temperati^re <5f distillation as low as 
possible. (2) Do not allow the contents of the retort to be over- 
heated anywhere, (3) Heat slowly enough to avoid this, (4) 
Ihe mos^ highly concentrated nitric acid, with best yield, is not 
obtained by employing highly concentrated sulphuric acid and 
dried nitrate, but with sulj^iuric acid of about 92 per cen[. (5) 
The yield of concentrated n*itric acid is raiseif*by a supply of 
atmospheric oxygen in the retort. (6^ It is useful to codf down 
the distilling gases as quickly as possible. In the distillation, 
aqueous nitric acid, which possesses a* higher tofling-point than 
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concentratssd acid, is coi^dcnsed before the stronger acid; hence 
by* fractionated cooling acids of* various concentration can be 
obtained. Guttmann {ibid., p. 934) points out .some errors of 
Winteler’s, and the latter replies, ibid., p. 1010. 

The 'Cheinische VVerke vorm. Byk (Ger. P. 208143 and 
217476) dissolve crystallised calcium nitrate in concentrated 
sulphuric acid, heat to IQO", and separate the nitric acid from the 
gypsum by pressing or centrifuging. If the nitric acid is no 
stronger than 59 per cent., the gypsum comes out in a perfectly 
hydrated form. 

The gases a 7 id vapours evolved during the ivorkhig of the 
retorts, apart from the vapour of nitric acid itself, consist of 
aqueous vapour, nitrogen fjcroxide, hydrogen chloride (which is, 
however, almost entirely converted into the following gases), 
chlorine, nitrosyl^chloridfc, and a little iodine. HCl and the 
^ascs derived from it (AOCl and Cl) are principally formed at 
the commencement, through the decomposition of sodium 
chloride; but towards, the end they appear again, ovvdng to the 
decomposition of perchlorate. All of these impurities arc dis- 
solved by c 61 d nitric acid, and hence occur in ordinary 
“ unbleached ” nitric acid. 

Volney (/. Amer. Cheni. Soe., 1891, xiii. p. 246) .showed that 
•the frothing in the ordinary nitric-acid process takes place only 
in the last stage, when the strong acid has passed over and when 
the last portion of the nitre is suddenly acted upon, with forma- 
tion of weaker acid. At this period practically only NaHSO^ is 
in the retort besides* NaN03. 

Later on {ibid., 1901^ p. 489) Volney returned to this subject, 
with the following results. During the first period of the 
process, when the temperature of the retort is not above lOo"', 
the compound NaH.j (504ji is formed, which Volney calls “tri- 
sulphate” (it is really a tetrasulphate and identical with Ucbel’s 
“ polysulphatc,” p. i I7),*by the reaction : 

NaNO-j + 2H,S0* - NallglSO,,),, + HNO.,. 

The second period sets in at 100“ and ends at 12L; here 
the principal roiction is: 

NaNO,, + NaH^tSOj), - 2NaIJS04 + HNO3. 

During the first period pure nitric acid, boiling between 8 L and 
88'^ distils over.^^ During flie second period the HNO3 begins to 
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decompose into lower oxides and H.^Oj^o that more dilute acid 
must no^ be formed. 

Later again ( /. Soc. Chou. lud.^ 1901, p. 544 ; if. also/. Aincr. 
Chon. Soc, 1902, p. 226), Volney .states that the first phase, 
where acid of 77" to 90’ boiling-point comes over, takes place at 
a temperature of 97° to 122’; the second phase, where acid of 
sp. gr. 1-505, boiling at 94° to ioo'\ comes over, requires a 
temperature in the retort of 130° to 165 '. Above this the 
decomposition of HNO.j sets^in and yellow acid comes over. 
All this refers to working under ordinary pressures. Wh^n, 
however, working at reduced pressure oil the Valehtincr system 
(originally proposed by me, cf. infra), say at 300 mm., the first 
stage runs froln 55'’ to 100' , the boiling-point of the strongest 
acid at that pressure being only 45" to 75'’ ; the .fecund stage, 
where the pulysulphatc acts upon moi^e nitrafe, begins at 100’ 
and is finished jt 120 ’, instead of at 165'’ at Ordinary pressure. ^ 

[In considering Volnoy’s re.sults, wc must not overlook that 
they were j^btained in glass vessels on a* small .scalo. On the 
manufacturing scale, and working in iron vessels, higher 
temperatures cannot be avoided and the formation of nitrous 
vapours is proportionately increased. The frothing at the last 
stage of the distillation is generally ascribed to the partial 
\ decomposition of sodium bisulphate into pyrosulphate and 
water: 2NallSO^= IhA] ^ 

In a subsequent paper (/ Soc. Chon. Ind., 1901, p. 1189) 
Volney gives the results of worl^ing at a much stronger vacuum, 
viz., 1 10 mm. absolute pressure. During the first phase, at about 
74’, free sulphuric acid acted on the nitrgite ; during the second 
phase, at about 85'', the polysiilphatc did the principal action. 
The outside temperature rose to 1^40'/ The distilling nitric 
monohydrate boiled at 30". With concentrated sulphuric acid 
there is a great amount of frothing, which does not take place 
with acid of 60" B. When working with such acid at ordinary 
pressure, *thc greatest portion of the nitric acid distils at about 
118° without frothing; at a pressurS of iio, mm. at 74", with 
slight frothing. In both ca^es the remaining sal^^cake consisted 
of sodium bis'ulphate and water of ci;ystalli.sation. The^itric 
acid produced .showed in* both cases 1-38 sp. gr. at 2C C. ; to 
produce stronger acid it must be redistilled vvitji concentrated 
sulphuric acid. 
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Condensation of Nitric Acid. 

The condensation of nitric acid is, properly speaking, only a 
cooling-process, but. ft is preferabl)’ carried on in such manner 
that, in the first instance, stronger and weaker acid, coming over 
at different stages, are separately collected, and that, if possible, 
the above-mentioned im()uritics (p. i6o) are kept out of the 
acid and arc separately treated. For many years, which now 
appears strange to us, in this distilling and condensing process 
oply air-cooling was ■cmplo3’ed, and ^ it is only during recent 
years that the much ‘’more efficient system of water-cooling, 
which is so universal in other distilling processes, has been 
applied for nitric acid, and that with complete 'success. 

The old c'bndensing-plant for nitric acid consisted entirely of 
a series of earthe^nware receivers (VVoulfe’s bottles), combined in 
•'.sets of six to twenty and more, according to ,thc size" of the 
retort. Spmetimes two or even more of these jars arc super- 
posed ovefr one anothfr, in order to increase the cooling-surface. 
According to the strength of acid intended to be made, they are 
either left empty or charged with a little water, as already 
mentioned. Sometimes they arc cooled on the outside with 
water; but generally this is not the case. Each of the jars is 
provided with a bottom tap for running off the condensed acid ; 
that from the first txyo receivers is more imj)ure than that of the 
others, as it contains a little sulphuric acid and iron carried over 
from the retort. The acid becomes weaker the further the 
receivers are rfrom the retort. Since the receivers now and 
then crack witfi the he.at, it is advisable to put them on stone- 
ware saucers provided with a spout, for collecting the acid run- 
ning out. 

The cement used for joining the receivers with the pipes, 
etc., has been described on pp. 147 and 149 Cf. also the 
Cellarius receivers, dc.scribed in our third edition, Vol. II. 
(1909), p. 364, a modification of which is described in their 
Gcr. P. 232864. c These receivers have had great success in 
the (fonden.sation of hydrochloric ticid. • This style of con- 
densjj^g-plant is still fou»d at many, especially smaller, works ; 
but it must be considered quite out^Pdate, as its cooling action 
is too imperfect, «s the great number of joints is troublesome 
to keep tight, as the receivers, oinbreaking, cause great lo.ss and 
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danger to health and life, and as thoire is always some loss 
of uncotjdensed vapours. 

A minor improvement which can be made consists in inter- 
posing between the retorts and the receivers a 

I somewhat long glass tube, or rather a number of 
air-cooled glass pipes of slightly conical shape, as 
shown in Fig. 26, with suOicient fall for the con- 
densed acids not to stop in the tubes and run out of 
the joints. With a length of from lO to 13 ft. (the 
longer the better) the cooling by air is already very 
I j efficient. The single tubes arc put loosely together, 

I 1 without any cement. Schroeder (Ger. P. 233061) 

i describes a new kind of*junction for such pipes. 

Gobel proposed {Diugl. polyt. J./czxx. p. 241), 

' i I to my knowledge for the first time, the system of 

h' Cf^oling such pipes by ivatcr, enfploying a long glass' 

, I j tube placed in a trough. This plan ..must have 

I I ^ led to frequent breakages P4 kI was probably soon 
III ^ abandoned for that reason, but in principle it was 
,1 ^ perfectly correct. 

I I jrrobridgc(H. P. 25435 of 1906) protects carthen- 

■ warc pipes, used in the manufacture of nitric acid,^ 
from fracture by cold water in this way: each 
vertical pipe is surrounded, frpm the bottom of the 
condensing tank to near the top, 

, with a lead pipe about an inch 
wid«r than the earthenware pipe. 

Ostv^aj^d (Ger. P. 207154) 
conveys hot nitrogen oxides in 
pipe^ mgide of nickel steel, but 
care* must be taken lest any 
condensations take place, as 
nickel steel resists on\Y gaseous 
nitrogen oxides. 

A nitric-a^:id condenser, con- 
sisting of sets of peypendteujar water-cooled p^es, is de.^cribed 
in the B. P,* 24332 of 1903, by D, Donnachic {Chau, T:^rde /., 
1904, XXXV, p. 3<So). 

Very efficient are water-cooled^ sioncway\ coohug-iuormSy 
which do away with the necessity of employing^ a large numHoer 
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of receivers. 'These coils or worms were first manufactured by 
M'essrs Doulton & Watts, of Lambeth, as shown in Fig. 27, but 
are now made by many other English and German firms, in 
various shapes, and * arc comparatively very durable; good 
worms stand 300 operations and upwards. They admit of 
fractionating the products, but arc mostly employed when acid 
of medium strength (updo 82" Tw.) is to be made. 

Plate Towers. 

^ Far preferable to c;okc-towers for^both the just-mentioned 
purposes are 'die “ platd-towcrs ” constructed by the author, in 
conjunction with L. Rohrmann, and frequently called “ Lunge 
towers.” These will bo described in detail further on (in 
Chapter VI.); in this place we will only [loint out that the 
use of coke is irrational,' because it destroys nitric acid, con- 
certing it into nTtvous acids and lower oxides. The plate- 
towers, of^ which hundreds arc in u<se at nitric-acid works, 
explosive <works, ctc.„. for the above-mentioned purpose, are 
made of the best fire- and acid-resisting stoneware, and, as 
will be seen hereafter, they are so constructed as to offer the 
most intimate possible contact between the gases and liquids. 
Fig. 28 shows the arrangement as supplied by the Krauschwitzer 
‘Thonwaarenfabrik near Muskau, Germany, for the condensation 
of the last fumes, or the recovery of nitric acid from lower oxides. 
A B C is the stoneware shell of the tower, D the cover with 
distributing arrangement, E thc^ plates, F the annular bearers, 
G drawing-off tap with hydraulic lute, H exit tube, J sight for 
observing the c'ondenseition, K receiver, M injector for drawing 
air tlirough the neck N, in connection with the last receiver O. 

Figs. 29 and 30 show how a cooling-worm can be conioincd 
with other pieces to formV a complete condensing-apparatus. 
The vapours, coming from two retorts charged with 6 cwt. of 
nitrate of soda each, fir.st pass through receivers a a for impure 
acid carried over, which is* run off into the *carboy /?, then 
through the cooling-worm^ e c, discharging their contents of 
pure Jicid into carboys d d, then into«a collpcting-receiver e and 
into a^“ plate-tower ”/ f(^r recoveVing nitric acid* from N2O4, 
and finally into a last receiver g and injector h. The pots / i 
equally dischargiiig their vapours dnto r, serve for refining 
(bleaching) the yellqw nitric acidj(see below). 
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Such appar,atiis is especially needed for recovering large 
quantities of nitrogen oxides, given off in the treatment of 
waste nitrating acids from the manufacture of nitroglycerine, 
nitrocellulose, aniline,, etc., and reconverting them into nitric 
acid. 

For such purposes it is sometimes necessary to combine 
several plate-towers* in sets, one tower being placed higher 
thun the others and delivering its weak acid to those lower 
ones, to be got up to strength (^Rohrmann and Niedenfuhr, 
13 . P. 29746 of 1897). 

The weak acid can also be pumped back to be used over and 
over again, till it has got up to the maximum strength (1-38 or 
1-40sp.gr.). Figs. 31 and 32 show a complete nitric-acid regenera- 
tion plant, wit4h plate-towers, as employed after long experience 
by ft, M. Nicdcnfiihr. Pipe a .{6 in. wide)comc.s from the deni- 
trator ; it is preferaijy rather long, say 40 ft., so as to cool the 
gases which pass through receiver d into the f?rst tower Rj ; 
glass tube y admits of watching the process. R^ is filled with 
34 Lunge plates. The second tower R.^ contair.s '0 Lunge 
plates and above them 2 ft. of stoneware balls, The connecting 
pipe between the towers contains a “ Kirchhoff pipe” r/, which 
admits of mixing air with the gases in case (*)f need. JMpe c 
M:akes the gases away from R.^, through the regulating “ sight ” 
/ into receiver and through // into the chimney. V.^ are 
cisterns for feeding fne towers; Vj in the beginning receives 
a little water, Vo is entirely filled with water. As soon as the 
denitrator has been started, water is run down from Vj into R^ 
drop by drop, and from Vo into Ro in a strong jet, sufficient for 
absorbing all nitrous products. The liquid from Ro is collected 
in V„ and is pumped back by the Plath ” pump P be 
described later on) into* V,*and V>. With this weak acid Rj 
is later on fed to ’’such an extent that the acid recovered here 
comes out with the desired strength and runs into V^. On 
the other hand, R., is always ^ed up to the extenj; of completely 
recovering the last traces olSi nitric acid. If th 5 weak acid from 
V4 doqs not suffice* for that purpose, it is made up with water, 
preferably at a femperature of 50" < 2 . The acid condensing in 
receiv(?^ d is run into V.^ o*r V^, according to its strength, that 
condensing in receiver ^ always into V,. 
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'Refining §r Bleaching Nitric Acid, 

The 7 'efini 7 ig*ox bleaching of nitric acid consists ifi driving 
off the 'lower oxides, sp that the acid becomes colourless. This 
can be done by long’heating in a water-bath, which is a tedious 
operation — much m^re quickly if a current of air is blowm 
through the gently ‘heated acid ; the air together with the gas 
contained in it is conducted through a small coke-tower, or, 
preferably, a small “plate-tower” (sec p. 164), fed with water, 
where dilute nitric acid is obtained. This refining is, of course, 
unfiecessary for nitric arid used in the manufacture of sulphuric 
acid and for many other purposes. 

Ilirsch (Ger. P. 46096) runs the impure acid through a 
stoneware wqrm, placed in water of 80" C. Air h blown in at 
the bottom, and the feed . of nitric acid is so regu lated that it 
runs out at the bott^)m at a temperature of 60" C and rsuffici- 
*ently bleached. It runs through a second w(Srm placed in 
cold water,* and can then be put into the carboys. The nitrous 
gases escaping at the top of the first worm are K^-atcd in the 
usual manner, One worm can purify several tons of acid per 
diem. The same proce.ss may also serve for treating the waste 
acid of nitroglycerine and nitrobenzene works; in this case 
-nair heated to 150" C. or steam is blown in at the bottom, and 
the feed of acid is so regulated that it issues, at a temperature 
of 140'’ C., as comparatively pure sulphuric acid. 

The French Government gfinpowder works have employed 
such worms for a 'long time for this purpose. An ordinary 
size of worm fuijnishes 2 cwt. sulphuric acid per hour, with less 
thai\0-3 per cent. N2®4*and practically free from chlorine. 

The Griesheim process does away with the neces^i^ly of 
bleaching the nitric add, ^s this acid is thereby produced at 
once in a pure state. (A similar result is aimed at by the 
apparatus of Guttmann in its recent form and by that of 
Valcntiner, to be described Jater on.) The Ch^mische Fabrik 
Griesheim (Ger. P. 59099/places behind the* retort a reflux- 
cooler, consisting oT a Rohrmann stopeware worm contained in 
a w\ter-tub kepf at about 60" C. by the heat of the operation 
itself. ^The acid vapours ascending in ^this cooler are partially 
condensed there; in consequence of the high temperature the 
lower nitrogen Oxides (together with the chlorine) escape in the 
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state of vapour, and are condensed by air an^ \fater in a 
“ Lunge tower ” (plate-column) to wealc nitric acid. The acid 
condensi!ig in the worm flows into a receiver, kept at 8o° C., 
and is therefore perfectly pure, no “bleacjiing” being required. 
Air is advantageously introduced into the receiver. 

This system is illustrated ig Fig. 33. 'We notice that the 
receiver, into which the acid flows bacf; frofti the reflux-cooler, 



ft / 't//t tf 

fk • 

Fro. 33- • 


is provided with a glass pipe reaching down to the bottom, 
through 'which -air is introduced, iwhich aids in driving off 
and chlorfne, etc., and also\somewhat cools the acid. 
The strong and pure aciii from this receiver is from tgne to 
time run off* into a lower receiver, not shown* in the ^^e, 
where it cools down sifl^ciently for being withdrawn into 
carboys ; the vapours risijng here are also passed into the 
condensing-apparatus. The ^vapours* issuing from the top, of 



170 


aAW MATERIALS 


the worm ‘are ^passed through a fcw*receivers and ultimately 
into the plate-tower. *' 

In practice the temperature of the water in the \^orm-tub 
rises t(t 40' or 50” C\ in the case of slow distillation, and 60'' 
in that of rapid distillation ; there is always some fresh water 
run in, care being taken not to cool too much. 

This apparatus^ is ^generally combined with the retorts 
skown on p. 144. Each charge of 400 kl. nitrate of soda 
(undried) with 450 kl. sulphuric acjd (95 per cent. lESOj) yields 
first 2 litres of impure acid.whifch is run off separately, then 
246 or 250 U\. acid o}',48" Baume = 9T per cent. HNO.j, with 
less than i per cent. N.^O^, usually only 0-5 per cent. N.,Op and 
no chlorine at all ; then 60 or 65 kl. acid of 42" to 44” Baume, 
perfectly clear, and 8 kl. of 25' to 30' Baume impj re acid from 
the tower. When working with dried nitrate, ihh first 250 kl. 
of acid show 49’ IJ. = 93 per cent. NHO.j. The weaker acid 
'(42'' B.) can be put back into the retort and recovered as strong 
acid in the next distillation. The nitre-cake tests about 
30 per cent, “free” SO.^. 

The Griek'heim .system has been working for many years at 
a number of factories with perfect satisfaction. 

O. Guttmann (B. P. 8915 of 1890) has con.structed a nitric- 
-••acid condensing-apparatus on the principle of building it up 
entirel)^ of perpendicular pipe.s, .so arranged that the gases 
travel upwards and downwards and the acid is run off at the 
bottom, as it is liquefied, by* means of hydraulically scaled 
branch-pi pc.s, into'a common reservoir. The pipes are 8 ft. 
long and have V.hin walls (;\ in. thick), they perform the con- 
densation incompan'irfjiy better than ordinary receivers, even 
when merely cooled by air, but in this case there mij.'^ be a 
considerable number of su^h 8-ft. pipes, say fifteen or twenty, 
to finish off a charge of 12 cwt. in a .shift of ten or eleven hours. 
The last pipe is connected with a “ Lunge tower” (plate-tower, 
cf, p. 164), fed with water, ya order to retain U'lc unconden.sed 
oxides, in the shape of w/ik nitric acid, arnbunting to about 
5 to 7 per cent. 6f the total acid. ,The Guttmann .system is 
esp^ially suita'&le for the manufacture of strong nitric acid, of 
cours^by means of dried nitrate and .^rong sulphuric acid. 

The former shape of Guttmann’s system is shown in our 
second edition,** p^3. 890 and 891. Many plants have been 
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erected on that principle with great success. Lat^/ oil (Ger. \\‘ 
73421), Guttmann improved his system* in various ways. He 
fixed an iitjector, fed with compressed air, immediately behind 
the exit-tube from the still, where the whole of the vapours arc 
still uncondensed. They are thus rapidly drawn away from 
the retort and mixed with hot-air. It is* contended that in 
this way nitric acid with not more than p-/ per cent. N., 0 ,, and 
at a concentration of 97 per cent, can be made during the wholes 
of the process. The acid is 4s nearly colourless as can be 
desired. [If all the acid is 97 ‘per cent , what becomes of the 
water contained in the sulphuric acid, wnless thi^f is of cqital 
strength? CY. also Volney, p. 160.] 

Another improvement of Giittmanrys is the substitution of 
water-cooling -for air-cooling, which admits of a considerable 
saving in pipes. There are six of the^^3, contained in a water- 
tank, through the bottom of which they pass water-tight by 
means of rubber rings. Quttmann states that here all the acid 
can be obtained with 96 per cent. UNO.., and slightjy over i 
per cent. this increase of N^O, caused by the greater 

rapidity of the cooling, which does not leave so rnwch time for 
the oxidation of NO.> by the air. Otherwise the condensing 
battery is similar to the first, inclusive of the plate-tower. 

Another patent of Guttmann's is B. P. 18189 of 1897. 
his B. P. 13694 of 1901, he de.scribes an arrangemeiit for con- 
densing nitric acid at a comparatively higff temperature, when 
it is less liable to absorb nitrous g^ses. 

Figs. 34, 35, ?6 show a Guttmann plant with improvements, 
as designed by II. H. Niedenfiihr and supplied by the Krausch- 
witz pottery. The drawings are to .scale an^*! explain them.selvcs. 
Each fsjt^rt, with its set of cooling-pipes, etc., decomposes from 
12 to 14 cwt. of nitrate of soda in a^woi’king day of twelve or 
fourteen hours ; with somewhat larger retorts, the cooling-battery 
can be driven up to 20 cwt. nitrate per day. 

Bate 'and CVmc, of the National Explosives Co., have 
patented the following improvements of Guttmann’s “ water- 
battery” (B. P. 25790, 24tb November 1902/. The objept is: 
to ensure moi'e efficient circulation of the conefensing w^ater ; 
to enable a defective pipe •to be removed and replaced without 
interfering with the other .pipes, and to avoid reducing the 
strength of the acid if a pipg shoulcf crack or leak while fjie 
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charge is* beijig worked off. Each vertical condensing-pipe, or 
as many of them as may be necessary, is surrounded by a 
separate water-jacket, which in case of a crack or lerfk may be 
rapidfy emptied. TJie condenser otherwise resembles a Gutt- 
mann water-battery, but is claimed to be superior to this in the 
above-mentioned respects. T^hese water-jackets arc made of 
lead ; they are o|ien the top and are fused to the lead 
crovering of the wooden frame holding the pipes in their places, 
and they are made to hold water^ by means of a gland ring and 
rubber joint ring of circular section. The specification gives 
alf details of the construction of the water-jackets and other 
parts of the apparatus. It has been successfully at work for 
some time at the Hayle ^Explosive works, where- the process is 
as follows :-<-The vapours issuing from the rctorte described on 
p. 149 pass into an inclined stoneware conduit, with a glass 
bulb in the middle, and thence into a series of five stoneware 
pipes, about 5 ft. long and 4 in. wide each, connected alternately 
at top and bottom. The first three of the set are converted 
into Liebig coolers by means of open-topped lend’-jackets, about 
8 in. wide, fed with cold water at the bottom. The last two 
pipes are left uncovered and are merely cooled by the air. 
These five pipes communicate at the bottom by a Guttmann 
“chamber-pipe,” or in any other suitable way, with a pipe 
conveying the condensed strong acid into a closed receiver, 
placed outside the * building. The inlet-pipe is fixed tightly 
in the receiver and is providefd with a side tap through which, 
during the last stage of the operation, the weaker acid condensed 
then is run int*o another receiver. In these vertical pipes the 
acid-vapours are aliifost entirely condensed to strong acid. The 
remainder pas.ses through six ordinary receivers, cha/^ed with 
6 in. of water, which Ms {eft there until the specific gravity 
amounts to 1-42 or 1-43. Lastly, the gases from four retorts 
pass into a Lunge tower fed with a little water. By pumping 
back the weak acid formed here it may be brought -to sp. gr. 
I -40. All the acid from the six receivers and the weak acid 
condensing in the pipes towards the end of the operation, 
whiclj altogether amounts to about 5 per cent, of the total, is 
put back into the retort in a subsequent operation, so that the 
w/io/e of the acid is eventually obtained of sp. gr. 1-507 = 92 per 
ce;1t. HNOy, inblusive of r to i-2 per cent. N.^O^. This amounts 
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to 97 per cent, of the theoretical quantity. Two per cent, of the 
nitrate is left undecomposecl in the nitre-cake; this admits of 
conductin*g the separation in such a manner that the residual 
nitre-cake retains enough water to obtain <ill the nitric acid in 
the strong state, as stated above. It is entirely frt^e from 
sulphuric acid, chlorine, and iron. The li cwt. nitre charged 
yield 8J to 9 cwt. strong nitric acid, no weak* acid at all leaving 
the process. This should be contra.sted with the Valentint^r 
process, which in one distillation furnishes only 80 per cent, of 
the acid in a strong state. 

The occurring in nitrous gase.s,*cspeciall)^ when these 
gases come into contact with moisture, and which contain a 
good deal of N.X)^ may be precipitated (Ger. P. 233729 of the 
Padische Anilin- und Sodafabrik) by passing the* mixture of 
gases and fog between sparking and *non-sparking electrodes. 

Valentiner (B. Ps. 6ioof 1892 and 191922! 1895 ; F'igs. 37 and 
38) manufactures nitric acid in a vacuum. The retort in which 
the sodium nitrate is decomposed with .sulphuric acid is^connected 
with a cooling-\vt)rm, and this is connected with a receiver, from 
which, with the interposition of a Woulfe’s bott?b, the air is 
aspirated by an air-pump. In this way the most highly con- 
centrated pure nitric acid can be obtained. Perfectly pure nitric 
^ monohydrate, produced by this process, is now found in com- 
merce. [Before Valentiner (whose patent dates 8th September 
1891), I had shown that this can be done by distilling in vacuo ^ 
Z. a}u:;civ. CheuL, 1891, p. 167, pji6lished 15th March 1891.] 

Hallwell {Chon. Zeit.^ 1895, p. 118) gives’som^ details of the 
practical application of Valentiner’s process. "The cast-iron 
retort holds 16 cwt. of nitrate of soda and fs nearly globular* in 
form (it .shown in Fig. 19, p, 148). It is not heated directly 
by the flame, but is surrounded by h»t ga*se.s. At the top there 
are necks for the acid vapour, for charging the nitrate, for 
letting in air, for a thermometer (in a pipe closed at the bottom), 
and for introducing sulphuric acid. The 8-in. wide neck which 
carries away the acid vapours is continued into a gla.ss cylinder, 
through which the insjde c£«i be observed, then iyto an earthen- 
ware bend, connected with an*earthen,ware worm of 2|-in, bore 
and 50 sq. ft. cooling-surfat:e, ending in a three-way cock. Then 
follow two earthenware receivers of 60 galls, capacity each, with 
outlet-cocks at the bottom, receiveV of 18 g^lls., a smalTpr 
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earthenware worm (2j-in. bore and 25 ft. cool hig-sur face), a 
6o-ga]l. receiver and five 18-gall, receivers, all of which ate 
provided with outlet-cocks at the bottom and air- cocks ^it the 
top. The .second small receiver behind *the second worm is 
charged with water, the fourth with sulphuric acid ; in these the 
inlet-pipes are deep enough to ^lip into the liquid. The last 
receiver is connected with the air-pump. • The two large receivers 
behind the first worm take mo.st of the condensed acid and arc 
alternately put into series by* means of the three-way cock ; 
thus the acid can be drawn off without interrupting the wey-k. 
The joints are all made by means of fianges provicled with rills 
and a cement made of silicate of soda and asbestos (rf. p. 149). 
The vacuum ‘helps to keep the joints tight, and they stand 
very well. 

When the nitrate has been chafged, all nerk^-’ are closed, the 
air-punlp is st^iy-ted, and by opening 'a tap, in the connecting- • 
pipe sulphuric acid is drawn in from a store-tank. Much gas 
is given off at once; first of all nitro.s\'l chloride, which mostly 
travels as far aslhe receivers behind the second worm. When 
the vacuum has gone up to 500 mm. of mercury, the fire is 
started and the thermometer rises to 80 which temperature is 
kept U[j during the principal phase. The vacuum is kept at 
I 650 or 670 nun. In the end the temperature must be raised to 
120" or at mo.st 130°. When no more acid, distils over, the air- 
pump is stopped, and the temperature is rai.sed to 170 or 175', 
in order to render the nitrc-cak<^ more liquid.. 

By means of this low temperatute the decomposition of the 
nitric acid and the reducing-action of thc^iron are brought to 
a minimum. Therefore the yield is almost equal to theory, atid 
that mb^ly in the shape of strong acicl. With undried nitre 
and sulphuric acid of 142*’ Tw. the yield, according to Hallwell, 
is 957 per cent, of the theoretical, in the shape of acid of 
poV'Tw. (78 per cent. HNO.j), and 3-8 per cent, impure acid of 
21 r Tw.,*te^gethbj' 99-5 per cent. With undried nitrate and 
sulphuric acid of 160'' Tw. the yield is 99 pur cent, nitric acid 
of 93.!° Tw. (81 per cent. *Id^H).5), and 0-8 per%cent. as dilute 
acid, altogether 99-8 per cent. The* weak acid is left in the 
receivers till it has risen to 6 Cf Tw. With dry nitrate and 
sulphuric acid 168^ Tw., ’real nitric monohYdratc can ^ be 
obtained. The usual streng*th, 100' Tw.,* contains only 0*04 
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percent. N.^Ojand no fhlorine at all, against 0-95 to 1-92 per 
cent. N./O3 in the ordinary 100“ acid. 

Hallwell states that while in other processes charges of 6 to 
8 cwt. nitrate require' from fifteen to twenty hours to be worked 
off, here' a 16 cwt charge takes only seven or eight hours, and 
two charges arc easily made in twenty-four hours, which means 
four or five times tlic usual quantity. The consumption of coal 
is 8 or 9 parts for firing and 6 or 7 parts for the vacuum, 
altogether 14 or 16 parts to 100 lyitrate, against 32 to 35 parts in 
thp old process. There is also no steam or compressed air 
needed for refining the acid. The durability of the retorts is 
greater than in the old proce.ss, and the earthenware vessels do 
not suffer at all. The temperature of the first receivers is only 
35" to 42°, the back receivers are cold ; they never crack, nor 
do they collapse through the atmospheric pressure, as they are 
made rather thick-vialled and nearly globular /n shape. Any 
cracks in the pipes or bad places in the receivers arc cured by 
putting OP asbestos paper soaked in silicate of soda solution. 
If too much frothing is observed through the glass cylinder 
this is at once remedied by opening the air-cock. The total 
length of the apparatus is only 40 ft., the width of the furnace 
17 ft., that of the condensing-plant 5 ft. Large apparatus 
holding from 50 to 60 cwt. is to be constructed. The sanitary 
drawbacks of the ordinary nitric acid manufacture are absent 
when working with a vacuum. 

The action of the acid gases^escaping from the condensation 
(especially NQCl) upon the air-pump must be prevented by 
charging the last receiver with milk of lime, which should, of 
course, be renewed from time to tiipe. 

Further communications on the Valcntiner proe^ss have 
been made by Frankc {C^em, Zeit., 1897, p. 511). For each 
ton of nitrate decomposed there should be about 87 cub. ft. 
condensing-space. The retorts should be entirely surrounded 
by the fire, or their upper part and the branch-pipe should be 
protected by an acid-proof lining. With sufficient condensing- 
space -and good/'ooling, and if the forniatior of N3O4 is prevented, 
the yield should be almost the theoretical, since only part of 
the chlorides can escape. The nitre.-cakc is free from nitrogen 
compounds, and the first receiver, which is filled with water, 
is not changed even after several operations. The temperature 
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during the distillation itself is hardly lOo'' C., h'it later on it 
must rise to 175°, to make the nitre-cake sufficiently liquid. 
The hot •vapours then formed may decompose some of the 
condensed acid, unless they are very welt cooled immediately 
behind the retort. Theoretically 1000 kg. 96 per cent.’ nitrate 
of soda, with 2 per cent, water,., treated with 1000 kg. 94 per 
cent, sulphuric acid, should furnish 796*5 kg.' nitric acid of sp. 
gr. 1*486 (89*3 per cent. HNO3); from 1000 kg. 96 per cenf. 
nitrate, previously dried, 77i*| kg. nitric acid sp. gr. 1-497 
(92*2 per cent. IIN03) should tc obtained, and practically tlic 
yield need not be much less. But with concentratc^d acid there 
is much frothing, through the production of N.3O.J, because the 
acid does not*at once penetrate through the nitrate; this is 
avoided by employing more sulphuric acid, or by introducing 
liquid nitric acid into the retort. Valentiner later on recom- 
mended the preparation of stronger nitric acid by redistilling , 
the weak acid in the vacuum with concentrated sulplniric acid ; 
but this double distillation costs decidedly more apid, coals, 
and wages in Comparison with the direct distillation. Cf. also 
the same author in Z. angeiv, Chem., 1899, p. 269.' Bergmann 
(ibid,, 1909, p. 1003) also reports favourably on this process, 
but finds it necessary to pass the gases through milk of lime 
before they reach the pump, in order to retain the nitrosyl 
chloride. He consumes 5 cwt. coals for a charge of 16 cwt. 
nitrate. * 

The manufacture of nitric acid by means of a vacuum has 
also been patented by Dreyfus ( 11 ^ l\ 13826 of 1895), who 
mentions a temperature of 170'' to ipo"". 

In spite of the disadvantage that a o*ouble distillatioi> 4 s 
required order to obtain very strong nitric acid, the Valentiner 
system has been introduced in many] factories. According to 
the 40/// Report on Alkali Works, in the year 1903, 14 units of 
this system were at work in the 7th district alone (p. 165). 
This is confirmedtin the 41^’/ Report, p. 137. Owing to the low 
temperature, the material of the apparatus is more durable, the 
product is pure, and the yieJd almost equal to tj^eory. \i\ the 
latter respect,* as Guttmann rcmarks,^the results in all well- 
conducted factories are about the same. One hundred parts 
real NaNOg ought to yield. 74* 13 parts real HNO3; but of 
course any NO^ contained in the acid' must^ be ‘deducted frdgi 

M 
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this, and at fcast 5 pe/ cent, is necessarily obtained as weak 
aciid (tower acid). 

The Valentiner system has been represented as ^decidedly 
inferior to Guttmann's by some observations made in a scientific 
publication in 1901, but has been quite as strongly defended 
from the other side. We ca^.i here only give the respective 
references: Z. angciv.* Chcni.^ 1901, iqj. 413, 495, 571, 658, 
and 731. 

Cf. also Volney’s results 011 the smaller scale when dis- 
tilling in a vacuum, p. 161. 

A modification of ' the process, by which it is possible to 
obtain strong acid in the first distillation, consists in replacing 
about one-third of the ordinary charge of the retorts by nitric 
acid of sp. gr, 1-425 and then distilling; in this case the nitric 
acid, corresponding to tlie Sodium nitrate charged is obtained 
of sp. gr. 1-50, and- the weaker acid, put intp the retort, is 
recovered in the same state. 

Hart (B. P. 17289 of 1894) uses for the condensation of 
nitric acid an apparatus consisting of a scries of superposed 
glass tubes, slightly inclined to the horizontal, which starts from 
an upright stand-pipe and ends in another upright pipe. The 
pipes are cooled by .squirting water upon them or otherwise. 
The vapours pass simultaneously through all the inclined pipes. 
As the water squir,ted on to the glass tubes evaporates, its 
cooling-action is very strong.^ Hart asserts that by his method 
the distillation is effected in ,lialf the usual time, with very 
little fuel aiKpslight formation of N.^O^. There arc fifteen tubes 
to each condenser, about an inch wide and 6 ft. long, for a 
retort working off 1000 lb. of sodium nitrate in eight hours. 
This system has been introduced with great success hyf& number 
of American and English Vorks. 

Dieterle and Rohrmann (Ger. P. 85240) promote the evolu- 
tion of gases in the nitric-acid retort by the introduction of 
some inert gas, which must certainly be a^i obstacle to con- 
densation. Thei*- object is more rationally attained by the 
applfcation of' a vacuum, as donb by , Valentiner (.see also 
Guttmann’s injectors, p.- 17 1). 

Skoglund’s condenser for nitric keid (Ger. Ps. 104357 and 
105704; P'r. P. 271025; Amer. P." 603402; the patents belong 
to the Martin Kalbfleisch Co.,»iof New York), according to 
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A. F. Otto {Z. f Si/iiess ii. Spreng^vcsen, 1906, p. 325), is 
employed in many North American factories^ especially nitro- 
glycerine and guncotton works. There are also condensers of 
this kind in two French dynamite works. 

E. Wolff {ibid., p. 373) gives a detailed description of it. By 
this apparatus by a single operation pure nitric acid is obtained, 
which does not reejuire any special treatment in order to 
remove the lower nitrogen oxides, as it contains only 0 05 to 
o-io per cent. and its strength is always over 94 per cent., 

often nearly 95 per cent. The “bleaching” and the removal of 



the lowe/ nitrogen oxides is effected by the nitric acid vapours 
themselves, and there is no weak* acid going out, since that 
which is formed in the process at once goes back into it. The 
apparatus consists of a cast-iron retort. A, Fig. 39, a stoneware 
“ reaction-colurrfn,” B, packed with an acid-resisting material; a 
cooling- worm, E, and two columns C, C, similar to B, in which 
the vapours of N.^Oy^and arc removed. T'fce retort A may 
be of any shape, but it should be sufficiently large for treating 
1500 kg. sodium nitrate ^in one operation; or else two retorts 
for 750 kg. nitrate each are employed. For 1500 kg. nitrate 
suffices a cylinder, 3-6 m. long and 170 m# diameter ; •the 
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average thickr^ess of metal is 4 to 5 cm., the weight about 7 
tous. One of its ends is closed at the bottom by a cast-iron 
block, 36 cm. high and 36 cm. thick, provided with a discliarging- 
hole for the bisulphato^ This block is joined to the retort by a 
cement, ctDinposed of 89 parts of cast-iron filings, 4 brimstone, 
and 7 sal-ammoniac. Above tl>is block the end of the retort is 
closed by a paste, "‘com^josed of silica briclss with a mortar 
ccllisisting of 50 parts fireclay, 25 siliceous sand, and 25 Port- 
land cement. This end-masoni-y must be built with the 
greatest care ; the bricks must be smooth and evenly cut, 
placed close * together,^ completely bedded in mortar, and 
exactly fitted to the sides of the retort. In the upper part of 
it there is a charging-hole*for the nitrate, 50 X 30 c*m., closed by 
a stoneware or cast-iron plate with a hole for running in the 
sulphuric acid. The reaefion-tower B is 40 to 50 cm. wide, and 
consists of five cylinders, 60 cm. high each. In^thc mic 4 dle of 
the height of the lowe.st cylinder theve is an opening for the 
entrance of^the gases, and at its bottom another for running off 
the condensing acid. This bottom cylinder is* covered by a 
perforated stoneware plate, on which rest three plain cylinders, 
and finally the top part, which is cone-shaped in order to be 
joined with the connecting-pipes r, r, which are r8 cm. wide. 
•The cylinders are joined by a cement, made of sodium silicate 
and barium sulphate. This tower is packed with lumps of 
quartz or other acidVesisting material. The condensing-part 
E contains, first, a stoneware* pipe, and upon this a leaden 
cooling-worm, 10 cm. wide inside, i cm. thickness of lead, and 
500 kg. weight, bent as shown in the diagram ; at the top it is 
joi>^d to a stoncwar(j pipe, connecting it with the end-towers 
C, C, which are similar to B, but higher by two cylindcy^. The 
nitric-acid vapours, gefieraled in A, rise through B and the 
worm E, which is cooled on the outside by water flowing upon 
it and carried away in tin spouts. The acid condensing here 
flows back into B ; the hot vapours meeting it tkere, carry away 
all N.^03, N2O4, and Cl. When running ou? of B, the acid 
passei^through lead pipe, slightly irdined towards the tower, 
and thus always remaining luted with acid, so that no vapours 
can escape here. This pipe lies in a Ic^id box F, which receives 
the water coming down from the coil E, and the acid from here 
ruii^ into the receiver D.' The jcid vapours, not condensed 
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in E, are kept back in the towers C, The frst of these is 
fed with strong sulphuric acid (94 per cent. which flows 

upon a star-shaped lead plate in the top part and, as it flows out, 
is pumped back upon the second towei* C. slight feed of 
such acid suffices for keeping back the nitrous and nitric 
vapours, and this acid comes out at the bottom, about 200 kg. 
during each working of a charge, testing about 25 per cent. 
IINO3, inclusive of 8 to 10 per cent, in the shape of 
This acid mixture may be uced up in the Glover tower of a 
sulphuric-acid factory, or denitrated in the way it is done at 
nitroglycerine factories, or rc-employc*d as part* of the acid 
needed for the cylinder A of the Skoglund apparatus. 

The following is a description of the operation of this 
apparatus, After closing the hole for running off the bisulphate, 
the retort A is charged with 1450 kg. nitrate of soda, such as 
it conres out gf the warehouse, containiijg about 2 per cent, 
moisture. It is an additional advantage of this .system that the 
nitre need not be previously dried. The nitrate i.^ spread out 
equally, the clo.^ing-plate is put in, and the sulphuric acid is run 
in. For each operation 1535 kg. sulffliuric acid of 95*5 to 96 per 
cent, is taken, and to this is added the whole of the weak nitric 
acid (about 44 B.) obtained in the previous operation. As a 
matter of course, somewhat more and stronger sul{)huric acid is* 
required than in the old .system, on account of the moisture of 
the nitrate and the water contained in the weak nitric acid. 
Now the fire is lighted unde»'neath the retort ; if this had cooled 
down altogether, the distillation conjmcnce.^ afte; one and a half 
or two hours, as is recognised by the smell of Gilorine. From 
this moment the fire on the grate must Tdc kept low andTtry 
equal o*;', the grate. Water is now run over the coil E, and 
sulphuric acid into the towers C, C. The nitric acid flowing 
out of 15 into D shows at first 40° B. and gradually rises to 
47''* B. At this point about 50 kg. has run out. The strength 
now risc^i to 48-5''' to 49° B., and again goes down to 47" B. ; 
from this point the acid is again kept .separate and is mixed 
with the weaker aejd coftden.scd before. Th^' '‘strong^’ acid, 
between 47'*and 49° B,, shows on an, average 48-3° B., 94 to 95 
per cent. HNO^, and Ic.s’fe than o-io per cent. it is of a 

light green colour and gives off 110 red vapours of The 

“weak” acid, that below 48" B., is sepapately collected Iji a 
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stoneware *tanV. When the strength of the acid has gone down 
to .36'' B., the distillation*is interrupted, the bisulphate is run off, 
and a fresh operation may be made after three houfs. It is 
import'ant not, to go.below 36" B. ; there is very little acid 
gained thereby, and this weak acid acts strongly on the lead of 
the cooling-worm. The distill^^tion of the “strong ’’acid lasts 
seventeen to fiftced hours, that of the “weak” acid four to six 
hours, so that an operation can be made every day. 

The yield from the above-stated charge is : 1000 kg. strong 
nitric acid of 94 to 95 per cent. and less than o-io per 

cent. *250 kg. “^veak ” nitric acid and 200 kg. of the 

mixed sulphuric and nitric acid. The lead cooler lasts a very 
long time without repair^s, as it is soon coated 'inside with a 
protecting L'>ycr of lead nitrate ; it stands upwards of 100 
charge^, without any rei^ains, except renewing the last 40 or 
^50 cm. of piping, connected with the lowest stoneware pipe. But 
this lead worm must be always kept \yetted outside with cold 
water. 

The average yield from this process for *ic5o kg. mono- 
hydrate is : strong acid 91-50, weak acid 075, acid mixture 4-75,' 
loss 3 per cent. This should be compared with the fact that in 
other processes from 100 monoh3Tlrate only (So per cent, strong 
•acid is obtained. 

Guttmann {Z, f, ScJiicf. u. Sprcni^:vcscn, 1906, p. 376) gives 
figures to show that tcic results of that process are not as good 
as those obtained by his own apparatus, described SNpn), pp. 171 
ct seq, ' ' 

^ Treatment of tJiCnUowcr Nitrogen Oxides^ forincd in tJic 
Manufacture of Nitric Acid. 

As far as this subject bejongs to the synthetical production 
of nitric acid from elementary nitrogen or from ammonia, it will 
be dealt with later on, in connection with that subject. In the 
present instance we describe only such methods for the above- 
stated purpose as arc primarily intended Vor the ordinary 
manu^ficture of^ nitric acid, and a)i have not been already 
previously mentioned in connectibn with the coivdcnsation of 
nitric acid. 

^ This statement docs not a^^ree with the. figures given at an earlier place 
of t|;ls paper. 



The primary object fs, of course, to convert these lower 
oxides, NO, N^O^, and NO., or N.^O^ (nitrogen protoxide, N., 0 , 
is of coiir:e out of the question), into nitric acid; HNO^, as far ‘as 
it is at all possible ; but at all events they must he brought into 
a form in which they do not escape into the air as ‘/noxious 
vapours.” This is most simply but not most advantageously 
accomplished by employing a small “Ga)'-Lussac tower,” 
consisting of a stack of stoneware pipes filled with coke aqd 
continually fed with sulphuric acid of 144" to 152'' Tw. The 
gas enters at the bottom and issues at the top, and thereby 
gives up all its nitrous and hyponitric a(;id to the jul[)hiiric acid 
which arrives at the bottom as a more or less rich “nitrous 
vitriol,” and Gan be employed in the manufacture of sulphuric 
acid. For a ton of nitre from 3^ to 4 cwt. of sulphuric acid of 
the above strength arc required ; and nitrogen acids correspond- 
ing to .3 to 5 per cent, of nitric acid of 1-33 sp. gr. are absorbed 
by the samc,*morc or* less, according tt) the percentage of 
chlorides in the nitre. 

In such nTauiifactures of nitric acid as arc not in* connection 
with sulphuric-acid works, the cokc-tower can be f ‘d with water, 
[f care is taken that an excess of air is always present, not merely 
the last remnant of nitric acid is condensed, but the lower nitrogen 
oxides are likewise converted into nitric acid and thus saved. 

We first (piotc some laboratory investigations on the con- 
version of the lower nitrogen oxides intc»nitric acid, and then 
pass over to the processes empVjyed or proposed for a manu- 
facturing scale. 

Lunge and Berl {Cl/ew. Zeit., ipbq, p. i243)^'?howed that the 
proportion of nitrous and nitric acid in oxidation of NO by 
air arc not influenced by the dilution of the ox)'gen, but b* the 
quantity'of water and the intensity of agitation. If the mixture 
of NO and air is at once agitated with a large quantity of water, 
the NO., first formed dissolves as a mixture of nitrous and 
nitric acid, whose complete conversion into HNO.j by excess of 
oxygen takes place very slowly, all the more .so the greater the 
dilution with water. Wit^ appropriate quantities of water, the 
formation of, ITNO.j fakes place quantitatively. *• * 

The combination of, nitric oxidd and oxygen to nitrogen 
peroxide does not always take place quite smoothly. Mandl 
and Russ {Z. aNgezv. Chem., 1908, pp. 486-491) found tha^ the 
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t’eaction n^ay ^top before the stage of NoO^ is reached, and that 
this depends upon the Source of the oxygen employed. With 
compressed oxygen prepared from air it goes on tef the end, 
but not with oxygen i)btaincd from BaO.,, H.^Cr.P-, and 
With oxygen obtained by the electrolysis of water the forma- 
tion of was almost complete, if the O had been passed 

over heated palladium asbestos, but not otherwise. It appears 
tkat the presence of ozone causes the stoppage of the reaction. 
Possibly perfectly pure NO an4 O combine very slowly, and 
their rapid combination requires a catalyscr which is consumed 
by 'ozone or Tl>cir results arc contradicted by Ilolwech 

pp. 21 3 1-2 1 35), who found that the reaction : 2NO-f = 
proceeds completely about the .^ame velocity, 

whether the. oxygen was Linde’s or ozonised, or made from 
BaO.^, or from KCrO^. »’ 

Foerster and Koch (Z. (Vigeio. CJicin., 1908, pp. 2i6{-2i72) 
describe their experiments on the acjion of mixtures of NO., 
and O or jiir, in different proportions, on water, and on the 
oxidation of NO., by means of ozone, with a view of obtaining 
nitric acid o& higher strength than is otherwise possible. If a 
mixture obtained from i vol. NO-f 2 vol. O is passed into water, 
HNO.j is rapidly formed, until nitric acid of 40 per cent, is 
•obtained. The absorption of NO, then slackens gradually, 
until the nitric acid exceeds 50 per cent., and then goes on 
more rapidly again. ^ At the ordinary temperature no higher 
concentration than 68 to 69 pef cent, can be obtained ; at higher 
temperatures this goes on more slowly. The highest concentra- 
tion to be obtavied from the interaction of NO,, O, and H ,0 is 
of^^pproximately the«s 5 me composition as the mixture of nitric 
acid and water of minimum vapour pressure. PTom^NO and 
air with i per cent. NO a{)Out 40 per cent, nitric acid, with 2 
per cent. NO about 52 per cent., with 5 per cent. NO, acid of 
55 per cent, can be obtained. The nitrous acid formed primarily 
decomposes completely in the course of time, into rritric acid 
and NO, which in course of time is oxidisecl into NO,. By 
ozone^NO, is rapiclly oxidised into iVtric anhydride, even when 
mixed with large proportions of a!r, and by passing the result- 
ing gas-mixture into water or aqueout nitric acid, acid of more 
than 80 per cent, is easily obtained. ^ 

A continuation of this work by J^erster and Blich (Z. angeiv. 
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Chein., 1910, pp. 2018 et seq.) showed that the o:}gdation of NO 
by free 0 to NOg between o'’ and ioo'’*goes oij more rapidly, at 
lower than at higher temperatures, probably because at first 
some unstable primary oxides are formed. or mixtures 

of NO and NO^, are much better retained by alkaline 
absorbents than pure NO^. * 

Nicdcnfiihr (Ger. P. 15 5095), in order to i 5 btain the nitric acid 
free from the lower nitrogen oxides, condenses it at a high 
temperature and with application of draught. The fan serving 
as draught producer is placed behind the condensing-rcceivers, 
and in front of the apparatus for oxidbing and condensing* the 
lower nitrogen oxides. Thus there is a slight lowering of pressure 
in the first condensers, by which the pitric acid is obtained in a 
purer state, and a rather higher pressure in the last part, which 
favours the oxidation going on there. Between the first con- 
densers and the draught apparatus a cooler is interposed by which 
the draught apparatus i§ better protected* against the action of 
the acid gases, and which also facilitates keeping the oxidising 
apparatus at* a low temperature, liis B. P. 4353 of 1905 
describes the same process, and also a modification by which 
the conversion of the lower oxides of nitrogen into nitric acid is 
effected in two plate-towers (p. 164), the first of which is rinsed 
only model ately so as to produce an acid of high strength, whild 
the second tower is strongly rinsed, without regard to the 
strength of the acid obtained, which acid*may be employed for 
rinsing the first tower. * 

In his Ger. P. 160709 Guttmami shows an arrangement for 
the automatic introduction of air into the gas«s evolved in the 
distillation of nitric acid. A conical pi[?e is put over tlui^as 
conduit.^ At its bottom there are openings for the air (which 
can be closed); the other end is ke^Jt at a certain distance from 
the gas-pipe, and through the annular space thus formed air is 
introduced into the gaseous current without the employment of 
pumps ©r injectors. 

Halvorsen (Norw. P. 15021) exposes very dilute nitrous gases 
to SO., in such manner tfiat nitrosulphonic acvl, SO., Sttmo 
SO”^^^ • 

or its anhydride; obtained. This compound 

'-OJJO *. 
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can be fiK^cd jn metal vessels in order to make its carriage 
easier ; or else it is dissefived in concentrated sulphuric acid and 
sent out in metal vessels. The concentrated nitrous^ vapours 
are afterwards transfoj'mcd in towers by means of air and water 
into nitric acid. Another advantage claimed is that the absorb- 
ing apparatus can bemade of n^etal, in lieu of stoneware. 

The Norske Aktieselskabet for Klektrokesmisk Industri 
and Halvorsen (Fr. P. 380190) absorb dilute nitrous gases by 
lime, or by finely divided salts w^iich are easily decomposable, 
and kept in constant motion by revolving drums. 

Sinding-Larsen (Ncjrw. P. 16083) utilises nitrous gases or 
dilute nitric acid by means of dolomite. He treats this with 
the dilute acid in such majiner that only the CaC($^ is dissolved 
and the MgCO.j remains behind. The solution of calcium 
nitrate is removed by filtratiqn, and the MgCO.^ converted into 
nitrate by means of strong nitric acid. When heating the 
*Mg (NO;5 )o in a current of (/O.,, .strong 1 1 NO./distils oT and 
usta is obtained as a by-product. 

Naville,* P. A. Gu\e, and C. IC. Guye (Fr. P. 58^569) convert 
NO into HNO,^ preferably by alternate, instead of by simul- 
taneous treatment with O and water. The gases are subjected 
to three successive processes : (i) absorption of two-thirds of the 
combined N by water, according to the equation 3N./)^-f 2H2O = 
4nN0.j-}-2\0 ; (2) desiccation of the residual gas by treatment 
with anhydrous calcihm nitrate or other drying agent, or by 
refrigeration ; (3) oxidi.sation e)f NO to N^O,^ by spontaneous 
reaction with the ej^ccss of oxygen, or by increase of temperature 
or pressure, or by use of a catalyser. Oxides of N present in 
air4,,o the extent of oftlj^ i per cent, may be almost completely 
recovered by five repetitions of such treatment, but in each 
succeeding stage the reactiejns are slower and the gases should 
therefore be retained in the apparatus for a longer period. In 
any part of the apparatus the pressure may, if desired, be 
maintained above that of the atmosphere. 

The same inventors (Gcr. P. 225153 ; ¥i\ P. *385605) say that, 
when the higher oxides of N have b^en absorbed by sulphuric 
acid, NyO.j is absorbed without foriAation of UNO^.. Hence the 
residual gas containing NO should be lemoved to an oxidising- 
chamber, in order to convert as completely as possible the NO 
intoi N^O.j, whid^i is then ‘made tp react with sulphuric acid 
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again. They employ a series of towers and chamhfets, so that 
short periods of absorption alternate wi^h periods of oxidation, 
the acid being pumped from the bottom of one tower to the top 
of the next, and finally passed through heater in whibh the 
free nitric acid is distilled off, any oxides of nitrogen produced 
being returned into the system. ^ The humidity of the gas is so 
regulated, by preliminary addition of water or by exsiccation, 
that the moisture just corresponds to the amount of N recover- 
able as HNOj, I g. mol. of^H^O for every 2 g. atoms of com- 
bined N. In this way, after ‘distilling off the nitric acid, the 
residual acid is again ready for use as an absorbenbi Oxidai*ion 
is effected cither by raising the temperature (not above 200"), 
or by use of a Catalyser, or by compressjon, and an increased pres- 
sure is preferably maintained in the whole system. In practice, 
a series comprising three ab.sorbers* and three oxidisers is 
found sufficient to almost completely remove oxides of nitrogen 
from air containing them^ in small (juantitifs. 

The Norske Kvalstofl<ompagni (U. P. 6265 of 1905) absorbs 
nitrous gases first by water or dilute nitric acid, and tlie remain- 
ing portion of the gases by dilute alkali or alkali carbonates. 

Vietinghoff-Scheel (Ger. P. 225706) makes nitric acid from 
N^O^, MoO, and O by compressing the mixture to 5 to 10 atmo- 
spheres. 'I’hcrc should be 0-220 kg. water emplo)’cd for i kg.^ 
N/0,, whereby nitric acid of 98 per cent, is formed. 

The Klektrochemischc Werke (Fr. P.® 388305) concentrate 
oxides of nitrogen, when mixed* with much air, by submitting 
them to the action of the oxides of Zn, Cn,’ Mg, or Pb, which 
furnish nitrates and nitrites, readily decomposed by heat in iron 
retorts at 500°, or under reduced pressure hx. lower temperat,iji;cs. 

Scher^enberg and Pra’ger (Ger. P. 202560) place a series of 
reflux-coolers immediately on the t<Jp of the condensing-tower, 
in which tower the gases are converted into a spray, so that this 
spray comes into intimate contact with the acid flowing down 
from the-cooler.'^. 'I'hc coolers consist of a bundle of perpendi- 
cular pipes, whiefi are less liable to breakages and leakages than 
serpentine coolers. ^ / 

The Salpetersaurc-IndustHe-Gesellschaft Gelsenkirchen (Ger. 
P. 237684) introduces tlx drying agent (sulphuric acid cooled 
below iSo"") into the gases at a temperature at least ecpial to 
that of the escaping ga.ses ai^l vapouts, and conducts the codling 
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in such manner that the temperature of the drying agent is in 
no case considei^ably higher than that of the gases and vapours 
in contact with it. Thus, nitric acid vapours conJaining 40 
to 50 per cent, aqueous vapour arc p^issed into a vertical tube, 
packed with acid-proof material and cased in a jacket into which 
cooling-water enters' at the bottom ; the gases and vapours from 
the inner tube pass'^away at the top into a condenser, in which 
they arc further cooled by sulphuric acid, which is thus heated 
to the temperature of the vapou^^ and injected into the tube at 
the top. Their Gcr. P. 21 1919 prescribes separating the com- 
pounds by sifpcrheating above the boiling-point of the highest 
boiling component, and introducing them into a rectifying 
column, fed with the lov/est-boiling component,* so that pure 
vapour of this component escapes. The Vr. P. is 422902 ; the 
Amer. P. (with Pauling), 1)93868. 

Rergius (Ger. P. appl. R. 53617) o.btains frqm mixtures of 
gaseous nitrogen peroxide with gaseji containing oxygen and 
water, concentrated nitric acid, by causing the reaction to take 
place at higher temperatures and at high pressure which pre- 
vents the re-decomposition. 

PTederich (R. P. 319 and 403 of 1911) obtains red fuming 
nitric acid by adding one molecular proportion of water, a little 
‘-at a time, to one molecular proportion of liquid N.^0^, contained 
in an autoclave provided with a stirrer, and introduces oxygen 
under a pressure of*' 3 to 5 atmospheres, until the gas is no 
longer absorbed. Or else nitrogf n peroxide is absorbed in wood 
charcoal, instead of employing liquid stirring the mixture 

in an autoclavcHind introducing oxygen under a pressure of 1-5 
to'^^kg. per sq. cm. * 

The Norskc Aktiesclskab. and Halvorsen (P>. IV 363157; 
Amer. P. <892516; R. P. 3680 of 1906) dissolve nitrosulphonic 
acid in concentrated sulphuric acid, add a little water and an 
oxidiser, such as Mn02, PbO^. CrO^, or a chromate, distil off the 
nitric acid formed in iron retorts, and recover ^the oxidiser from 
the residue by electroly.sis, thus : 

Cr /iO,)., + 611,0- aCrOj + 31 1,30, + 311.,. 

The P'arbwerke Hochst (R. P, 1903c of 1911), in the process 
of manufacturing nitric acid from Uie oxides of nitrogen and 
ox;^gen in presence of water, obtain the gas pressure in the 
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apparatus for conveying the liquid into the absor^^tion system 
by means of oxygen instead of air, and aftervvards introduce 
this oxygtm, carrying with it any entrained nitrous gases or 
vapours, into the absorption system. » , 

Engels and Diirre (Ger. P. 229096) make concentrated nitric 
acid from concentrated nitrous gases, air, and water, by gradu- 
ally admitting air in less than the ,theo/etically necessary 
quantity (except at the close). Thus, from gases rich in 
NO^, such as arc formed in the manufacture of oxalic acid 
from sugar and nitric acid, nitric acid of 60 to 65 per cent. 
HNO.j is obtained. The process does n'ot apply tb gases con- 
taining less than 50 per cent, pure nitrogen oxides. 

The Salpcfersaure-lndustric-Gesell;gchaft Gelsenkirchen and 
Pauling (Ik P. 9884 of 1910) cause a current of air containing 
oxides of nitrogen to meet an (3^3po?^ing current of alkaline 
liquor, c,g. in a^ scries of towers. After the alkali has passed 
some of the towers, some pf the nitrite formed is separated by 
evaporation of the lye ; after it has passed through the rest of 
the system, nitVa-te is crystallised from the liquor. 

Guye (Er. P. 404630) treats gases containing and NO2 
with organic solvents, such as chloroform, carbon tetrachloride, 
ethyl bromide, chloro- and bromo-benzene, a solution of nitro- 
naphthalcnc in nitrobenzene, etc, and recovers the gases from 
the solvent in a concentrated form by distillation or crystallisa- 
tion of the solvent. Before absorption, tin? gases are dried by 
sulphuric acid charged with nitrotis fumes, in order that metal 
apparatus may be employed. Solvents of* low boiling-points 
are unsuitable, if the oxides of nitrogen arc diUted with much 
air. * 

Verge^Fr. P. 409194) o*btai ns an improved yield of nitrogen 
oxides in the synthetic process by tlje iifnnediate and extreme 
cooling of the products by means of liquid air. The central 
zone is brought by the arc to a temperature of 2500'’, while the 
outer part? of the reaction chamber is at —200". The liquid air 
also removes the 1^0 at once by absorbing and precipitating it 
in the solid form. The s»lid oxides may be filtered off and 
treated with water and air, to ’obtain nitric acid ’of any desired 
strength. * 

Halvorsen and the Norisk-Hydroclektrisk-Kvaelstof A. S. 
(Amer. P. 948726; Fr. P. 380490) absorb the fumes by limd or 
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salts of acids" which arj liberated by nitric acid, suspended in 
water and kept continually in motion. 

Sparre (Arner. P. 10083S3, transferred to the Du Pont dc 
Nemours Powder Qj.) passes an electric current through a 
solution' of nitrogen oxides and through water, the current 
density being kept high in Hie solution of nitrogen oxides, 
viz., above 100 amp. •per square decimetre, but low at the 
electrode placed in water. 

The Badische Anilin- uncP Sodafabrik recover nitrogen 
peroxide from gaseous mixtures containing but little of it, in 
a solid forin by the cooling action, produced by compressing 
the gases, removing the heat produced by compression and 
adiabatic expansion. ^ 

The following patents for the treatment of gases and 
vapours seem to be especially adapted for the purpose in 
. question: IVIoscicki,.Ger. P. 234259; Maschinerfabrik Buckau, 
Gcr. P. 234509. 

Concentration oj Nitric ^Icid. . ■ 

We have^had to speak of this operation incidentally before, 
e.g, in connection with Valentiner’s process, pp. 173 ct scq. 

Colin (Fr. P. 21 1045) prepares fuming nitric acid of sp. gr. i'5 
•^by distilling nitric acid of 1-4 with sulphuric acid of 1-84 in 
enamelled cast-iron retorts, and employing a glass three-way 
cock for separating tlie distillates. 

Erouard (Ger. P. 62714)* also concentrates dilute nitric 
acid, or waste /icids' from nitriiting processes, by adding strong 
sulphuric acid, "Or a solution of CaCL or MgCU [!], and distilling 
tlte^mixture in a vessel in which it travels in a zigzag direction. 

II. A. lAasch (Gcr. P. 82578) prepares highly concentrated 
nitric acid by passing** tho»- vapours from the nitric-acid retort 
through a tower heated above the boiling-point of the acid, in 
which hot concentrated sulphuric acid is descending, or in which 
other (,lchydrating substances, such as anhydrous sUlphate of 
soda or burnt plas,ter-of-Paris, act upon the mixed vapours. 

The Vereia Chemischcr P'abriken iq, Mannheim (Ger. P. 
85042) places between tho still and the condenser, a dephleg- 
mator, from which the dilute acid cefndensed there runs back 
into the still. This dephlegmator is kept at a temperature of 
85,°^C., so that {'ll e epneentrated aaid can pass on. 
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Waldbauer (Gcr. P. 155006), in order to avoid the expensive 
vessels used for distilling crude nitric acid . made of gla^s, 
porcelain* or platinum, or of running the impure acid into hot 
sulphuric acid (whereby the vessels are gradually attacked), fills 
the stills with some granular material, such as sand,’ pebbles, 
broken glass or china, preferably placing fine sand next to the 
sides of the vessel, then coarse sand and in'^the centre pebbles. 
The acid is run upon the latter, gradually flows into the hotttr 
parts near the sides, and is -evaporated before it reaches the 
walls of the still. This proce.ss admits of employing stills 
made of a cheap and durable materiJil, which ?:ould not be 
employed if the acid came into direct contact with it. 

Collet (Norw. P. 13925; 67 /m. ^r/V., 1905, p. 457; Amcr. 
P. 854928; Fr. P. 357221) concentrates nitric acid by means ol 
hot air. The escaping gases and* va flours are passed through 
a column fed ,with dilu.te nitric acid, then through a cooling- 
shaft and at last through a vessel filled with lumps of calcium 
oxide. By this method it is claimed that 60 per pent, nitric 
acid is made mOre cheaply than by any other method. 

Dieffenbach (Ger. P. 174736; Fr. P. 37168^) also con- 
centrates dilute nitric acid by heating it with alkaline poly- 
sulphates which take up the water, from which they can be again 
separated by heating by themselves. This may be done in 
cast-iron vessels without any visible damage to them. If 100 g, 
nitric acid of 36" B. is heated with 1006 g. polysulphate of 
the composition: NaHSO^, Fj 105" to 120', nearly all 

the nitric acid distils off with 95 per c6nt. 1,1 NO.^, and the 
remaining polysulphate is easily concentrated^ again. 

Boeters and Wolffenstein (Ger. Ps. 18^865 and 19 1912) heat 
nitric aci^J of, say, 68 per cent., in an iron retort and pass the 
vapours through a scries of stoneware receivers, kept at about 
100'' by a water- or sand-bath, which are charged with a 
dehydrated nitrate. When this has taken up enough water 
the receiver in c^uestion is put out of series by means of a 
three-way tap and is connected with a vapuum,* whereby the 
nitrate is dehydrated and‘liiade again fit for uss. 

The .sam'e inventors (Fr. P. 37i7£)7) concentrate nitric acid 
by pouring it over calciiitii nitrate, dehydrated at 150" to 200° 
which thereby passes over into a porous mass. Preferably, a 
counter-current is employedy if necessary with admission of, air 
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For the conceptration up to acid of 63 percent. 1*25 to 15 parts 
or,Ca(N03)2 is required.' 

The Chemische Fabrik Griesheim-Elektron (Ger. W 174736 ; 
Amer. 'P. 819262; Fr.A^ 358373, etc.; Johnson’s B. P. 19989 of 
1905) mix dilute nitric acid at no'’ to 130'’ with polysulphate, 
distil the concentrated acid off i}.nd then raise the temperature 
to 250'’ to 300'’, wherebiy the polysulphate is dehydrated and 
can be used over again after cooling down to 120’' to 130^ 
(This process is not at work no;v on a commercial scale.) 

Uebel (Ger. P. 210803) performs the concentration in stages. 
P'irst he distils the dilute nitric acid at higher temperatures with 
sulphuric acid of medium concentration, and treats the distillate 
with stronger sulphuric aci,d at lower temperatures ;' the sulphuric 
acid used in the second stage is afterwards employed for the 
first ; it is employed at a strength of 80 per cent, to the extent 
of three times the quantity of the nitric acid. PTom the second 
still the nitric acid comes out with 70 tp 75 per cent HNO3 ; it 
runs into the first still, and here a vapour of 90 per cent comes 
out, which by partial cooling can be made to yield acid of 95 
to 98 per cent HNO3. In this way also the waste acid mixtures 
from nitrating processes may be utilised. 

Victinghoff-Schecl (Ger. P. appl. V8284; later on with- 
drawn) concentrates the acid by first converting it into 
ammonium nitrate, drying this and distilling it with con- 
centrated sulphuric atid. 

Plath (B. P. 9133 of 1901) makes clear concentrated nitric 
acid by interposing between the perpendicular cooling-pipes 
and the receiving- vessel a cooling-worm about 80 ft. long, air 
being passed through ^Dpposite to the current of acid, and the 
temperature in the cooling-tub being regulated in such a manner 
that the acid comes out bot\\ cold and free from lower nitrogen 
oxides. 

From a private letter I gather the information that the 
strongest ordinary nitric acid, say 96 per cent., cannot be 
obtained even with dried nitrate and sulphuric monohydrate, 
unless^jthe retort^ are worked at the least possible heat, owing 
to the strong dissociation of the nitric acid setting in at 86°. 

Brauer (Ger. P. 222680; Amer. P. 1008690; B. P. 14381 of 
1910) concentrates nitric acid by heating with phosphoric or 
arseuic acid. These acids have thq, advantage that they do not. 
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like sulphuric acid, form a chemical combinatigp with nitric 
acid ; hence the heating need not be clrivcn higher than tl^e 
boiling-pc^nt of the nitric acid, which means a saving of fuel 
and the avoiding of losses by the splittingj)ff of lower nitrogen 
oxides. 

The Swedish Nitric Syndicate (B. P. 10592 of 1908 ; Ger. Ps. 
233031 and 236341 ; Fr. Ps. 402078 and, 402079; Amcr. Ps. of 
Sohlmann, 1009196 and 1009197) concentrate weak nitric acid, 
especially that obtained by the oxidation of atmospheric nitrogen, 
by distilling with sulphuric acid in a continuous manner, the 
acids flowing down in a column heated externally, whil^ a 
current of hot air (of which but little is required) passes up- 
wards in the column. Or else the coycentration is effected in 
two steps : (i) to about 60 per cent, by diiect contact with the 
ga.ses from the electric furnaces ; ^2) «to 90 1097 per cent, by 
distilling with strong sulphuric acid, as above described. The 
waste heat from the furnace gases is utilisecl in various way.s. 

Pauling (B. P. 22037 of 1909) heats dilute nitric acid to a 
temperature ^ft which it is decomposed into a mixture of NO.^, 
0 , and H.jO, and rapidly cools the products. Thus a mixture 
of NO.^ and 0, nearly free from water, is obtained, from which 
concentrated nitric acid is readily prepared. His Ik P. 22320 
of 1910 describes the concentration of nitric acid by causing it, 
to trickle down in a vertical column, together with sulphuric 
acid, in an ascending stream of steam or hot gases. B. P. 22322 
of 1910 describes a modification ?)f this process. Ilis Amer. P. 
993868 describes dehydrating nitric acid .Vapours by passing 
against a counter-current of sulphuric acid, kcix^'at a tempera- 
ture near that of the vapours at all stages of the process. ^ * 

Nathan,]. M. Thomson, and W. T. Thomson (Fr. P. 406806) 
condense nitric acid vapours by passing Them through cooling- 
worms from the bottom upwards, the cooling being effected by 
running water on to the top of the coils. The upper ends of 
these are.connccted with a vacuum. The nitric acid running 
out at the bottonf is almost free of lower nitrogen ©xides. 

The Salpetersaure-lncJustrie-Gesellschaft (Austr. P. ^appl. 
A2969) treat nitric-acid vapburs by water-absbrbing fluids at 
such temperatures whicb at least equal those of the vapours 
going out, and are not ess^itially higher than this. 

Dieffenbach and Uebel (Ger. P. 238370) concentrate ivtric 

• • t XT * 
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acid by distjlling it over pyro- or metaphosphoric or the 
analogous arseidc acids', or acid salts of these, in vessels made 
of quartz. E.g. on heating aqueous nitric acid \/ith pyro- 
pliosphoric acid at {lO' to 115“, nitric acid of 99 per cent, 
distils over. The orthophosphoric acid remaining behind is 
reconverted into pyrophospho^ic acid by heating to about 210°. 

Hale and Scotty (H. ,Ps. 24379 and 25386 of 1910) cause dilute 
nitric acid to be absorbed in kieselguhr and heat this in an 
earthenware or cast-iron retort,/ if necessary provided with a 
stirring arrangement, under reduced pressure. The vapours 
are condensed, and acid of any desired strength may be pro- 
duced by adjusting the temperature of distillation and the 
degree of vacuum. 

The Farbwerke Hochst (Fr. P. 432990) concentrate nitric 
acid of 60 or 62 per cent.' to a higher point by passing a mixture 
of nitrogen peroxide and oxygen through it. 

The Soc. anoji. Ic Nitngcnc (Austr P. appl. A 133) produce 
nitric acid upwards of 95 per cent. HNO.j by treating a mixture 
of liquid nitrogen peroxide, water, and oxygen in molecular 
proportions under high pressure. 

Other processes for the concentration of nitric acid, apart 
from those incidentally mentioned supra in various places, will 
,be dc.scribcd infra in connection with the .synthetic production 
of nitric acid from free nitrogen or ammonia. 

Manufacture of -lOO-pcr-ccnt. Nitric Acid . — According to 
Valentiner and Schwarz (Gcr.'P. 144633) the reason why pure 
lOO-per-cent. nitric acid up to that time had not been obtained 
in one operation was the difficulty of decomposing sodium 
nitrate by sulphuric -acid of 170 Tw. in the vacuum on a 
manufacturing scale, owing to the formation of ^enormous 
quantities of froth toward.s;The middle of the operation, which 
is perilous for the stoneware parts of the apparatus and con- 
taminates the distilling acid with bisulphate carried over. 
This frothing can be avoided by adding the sulphuric acid not 
all at a' time.* The retort is charged with the nitrate and with 
about one-third of the sulphuric acid (170'' Tw.) required for 
complete decomposition ; this quantity is completely mechani- 
cally absorbed by the nitre. The ^evolution of nitric acid 
commences immediately, and when the boiling temperature 
has-been attained, the nitric acid begins to distil off quietly 
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and evenly. According to the progress of distillation, fresh 
sulphuric acid is run into the retort, at such a *rate that there 
is always enough sulphuric acid present to decompose the 
nitrate into bisulphate and nitric acid. The sulphuric acid is 
run into the retort neck through a vessel, filled with pumice 
blocks, through which the nitric-^lcid vaijours must pass before 
leaving the retort, by which process they are (fumpletely purified 
and concentrated. The fresh sulphuric acid, run through that 
pumice-vessel on to the nitre, acts much better than that acid 
which has been in the retort for hours and is charged with 
bisulphatc, since that fresh acid contains no bisulphatc in 
solution. 

The Salpetersaure - Industrie - Gessllschaft, Gelsenkirchen 
(Ger. r. 180052), concentrate nitric acid up to 100 per cent, 
by electrolysis. The nitrogen oxides formed thereby at the 
cath(j{le*are inti;6)duced at the anode and tljcrc oxidised by the 
oxygen formed into NMO j, after having been liquefied by cool- ' 
ing. 1 heir Ger. b. 180587 describes the employment of waste 
acid from nitratmg processes as anodic liquor in the above 
process. Another modification is described in their Ger. 

P. 184958. 

Douzal (Fr. P. 396367) obtains nitric acid free from lower 
nitrogen oxides, and of a concentration hitherto impossible to * 
obtain, by cooling nitrous gases, before hydration, to 24", and 
then treating them with oxygen, rich in ozone, in the presence 
of a shower of cold water; nitrous acid is thus quantitatively 
transformed into nitric acid without the formation,of NO. 

The Elektrochemische VVerke, Berlin,(l). P. 15432 of 1910; 
Ger. P. 231546), obtain solutions of nitrogen pentoxide in mc^io- 
hydrated rhric acid by the electric oxidation of solutions of 
N.T),! or NT).j in HNO.,. In order to prepare such a solution, 
containing 20 per cent. N.^O^, a solution of 17 parts pure N.,04 
in 80 HNO.j is placed in the anode space, and electrolysed with 
platinum anodes at a current density of 200 amperes per super- 
ficial metre, and 7 vols. The oxidation is fin’shed after iy,ooo 
ampere hours. , ^ , • 

JSlitrc-cake. 

The fixed residue from the manufacture of nitric acid (called 
'' nitre’Cake'd or, in the workmen’s language, “‘^lly nixon,’*, a 
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corruption of “sal cnixum”) is practically a mixture of neutral 
imd acid sodium sulphate. It generally contains from 25 to 30 
per c^nt. “ free acid ” (i.e., bisulphate acid) calculat6'd as SO3, 
and only traces of nrtratc. We treat of its use in the manufac- 
ture of ‘sodium sulphate and carbonate in detail in Vol. II., and 
now only remark that most of it is worked up with common 
salt into ordinary 'Salt-cake and hydrochloric acid; part of it is 
also used up directly for glass-making, but no doubt not to great 
advantage. In this place we mevition some other applications of 
nitre-cake and some processes, published since the date of the 
last editions of our Vol II. 

Kirkman (Ik P. 5703 of 1889) employs it as an absorbent for 
ammonia, in which caso a profitable utilisation of Na^jSO^ will 
be very difficult. 

Giles, Roberts, and'‘Boake (Ik P. 11979 of 1890) convert 
ordinary nitre-cake^ by addition of sulphuric into “ penta- 
sulphate,” Na/), 5SO3, 3H.3O, which can be packed in iron 
drums [?]^ or ordinary casks and usefully employed for certain 
purposes (^/ Uebel’s “ polysulphate,” p. 154). '' 

Barbier'* (Amer. P. 484546) dissolves nitre-cake to form a 
solution of 35 to 45'’ Baume, and cools this down to about 
10° C., by which process it is decomposed into crystallised 
sodium sulphate and free sulphuric acid [?]. 

Cheeseman (Amer. P. 714145, assigned to Agnew, Agnew 
and Harlow) descritjes a process which I long ago proposed to 
those interested in the ma*ttcr as open to everybody, viz., 
neutralising 4 solution of nitre-cake by lime (or calcium carbon- 
ate), separatil^^g the calcium sulphate by filtration or otherwise, 
running off the soffition of sodium sulphate and utilising this, 
for instance, for the manufacture of “ blanc fix” (pgarl harden- 
ing), by precipitation witlJ barium hydrosulphide solution. 

Bolle (Ik P. 6898 of 1904) mixes the bisulphate with about 
12 per cent, of wood shavings and about 2 per cent, of coke in a 
retort, provided with a mechanical agitator, mid thei'i heats the 
mixture wi\;h agitation, till all the SO^ formed has been driven 
out%and only neutral sulphate remuins. , (This is a communica- 
tion from the Chemischti Fabrik Grunau.) 

Nibelius (Amer. P. 873070) treats nitre-cake with a volatile 
liquid which dissolves the acid, but not the sulphate, removes 
tl?e latter, ar^d di^stils tiie solution under diminished pressure 
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to recover the volatile solvent, sulphuric acid remaining* 
behind. * 

Parker 'H. P. 24639 of 1903) brings a solution of nitre-cake 
into contact with a large excess of iron, thus forming ferrous 
sulphate and (by reduction of any nitrate present) ammonia. 
This solution is worked up for, ferrous salt, ammonia, and 
sodium sulphate. « 

G. E. Davis (H. P. 14749 of 1903) adds to a hot concentrated 
solution of nitre-cakc, clay, or bauxite, and heats and agitates 
by high-pressure steam. On cooling, a mass is obtained, suit- 
able for sewage precipitation, etc ; but it is usually*’ worked up 
by dissolving, cr)'stallising out the excess of sodium sulphate, 
and then working for sodium alum. 

The manufacture of sulphuric anhydride or acid from nitre- 
cake will be further described in Chapter XII. 

UUlisation%J Waste Aeic/s from Nitrfutiuf!; Processes. 

Enormous quantities of nitric acid, nlwa)'s mixed with strong 
sulphuric ari(l,?ir'w cemsumed in the manufacture of nitrobenzene, 
nitrotf)Iuene, and other aromatic compounds required in the 
manufacture of colouring-matters, as well as in that of nitro- 
glycerine, nitrocellulose, and other substances serving as 
explosives. The wa.ste acids formed in the first class of pro- , 
cesses contain but little nitric acid, generally only about 1 per 
cent., with about | per cent of nitrobenze iiv., etc. d'liey may be 
used directl)' in the Glover tourer, where the nitric acid is 
utilised as well as the sulphuric acid. Special proces.scs for 
denitrating the.se acids are rarely^ employed, lea* t of all with a 
view of recovering the nitric acid, which* dijes not pay for^thc 
troubk' and expense. 

The case is entirely different with the waste acids from the 
manufacture of explosives. These contain much more nitric 
acid than those from the manufacture of nitrobenzene. Nitro- 
glycerine .waste acid contains about 10 per cent. NIIO.j, 70 
H2SO4, 20 H.3O; gun-cotton acid ii or 12 IINO.,^ 80 
8 H./). These acids, if it js not possible to consume them in a 
Glover tower,.can bc\i.scd fot replacing part of the sulpfmric 
acid in the nitric-acid matjufacture ; or else they are denitrated 
by steam, producing dilute sulphuric acid (which is concentrated 
by evaporation and used over again) and nitriv- acid, togetjier 
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with lower v^itrogen oxides. By passing the vapours mixed 
with air through som^ receivers and then through a “ Lunge 
tov/er,” the nitrogen oxides are also converted into ^nitric acid, 
the total beii]g recorered as nitric acid of jd' or even 8o" Tw. 
{cf, pp. 164 and 168). 

A detailed description of tlie denitrating process is found in 
O. Guttmann’s HlKnuftHture of Explosives (London, 1895) vol. ii. 
P- 177- 

The denitration is altogetl'icr similar in this case to the 
process to be described in Chapter VI. in connection with the 
recovery of 'nitre in the lead-chamber process. The best kind 
of apparatus is a column of Volvic lava, made in one piece and 
packed with bits of flint, or quartz. Steam is injected to such 
an extent that the outflowing denitrated sulphuric acid has a 
specific gravity of abouv 1-635; it is often strongly coloured. 
The vapours are passed, together with air, injecjtcd or aspirated 
by suction, through a number of receivers, say six or eight, or 
else a small Guttmann battery, and then into a Lunge tower fed 
with a very thin stream of water, followed again by a few 
receivers. ' 

Where very large quantities of nitrous vapours have to be 
regenerated, whether it be from waste acids of the just-men- 
tioned kind or from other chemical processes, it is best to 
combine several plate-towers, one of which may be [)laccd above 
the others so as td feed them with the weak acid produced 
therein. Thus aU the recovered nitric acid can be brought up 
to sp. gr. 1-38. ThV Krauschwitzer Thonwaarenfabrik, Muskau 
(Silesia), furnishes this kind of plant. A very complete 
apparatus for this pitrposc has been arranged b)' Niedenfuhr, as 
de.scribcd and illustrated siiprciy p. 17 1. 

Where sulphuric ?fnhyidride is made, these waste acids can 
be brought up to strength by means of SO., and used over again. 

The following process for the recovery of nitric acid from the 
waste acids produced in the manufacture of nitroglycerine and 
nitrocelIulo.^e, as carried out at Hayle, works very well indeed. 
The.waste acicj, is denitrated in a sraall yolvic column, standing 
in a strong leaden sockpt, with an overflow about 8 in. from 
the bottom. The .steam-pipe must ftot end free in the column, 
but ivithin the liquid, say 6 in. below its level, so that the 
stgiam rising fi^^om the liquid effects the denitration. The opera- 
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tion is commenced by putting water into the lead socket and 

passing in steam until the column is hot* Only then the feeding 
with waste acid is started and is conducted in such a manner 
that at the bottom sulphuric acid of 74 to 75 per cent. IL,SO.j 
issues at a temperature of 160"^ C., in which case the denitration 
is perfect. The nitrous vapours pass first through four empty 
receivers, for the purpose of cooling, then successive!)’ through 
five Lunge towers, about 6 ft high, and then through eight 
receivers, charged with 6 in. of water each. The towers are fed 
very slowly with water, the holes in the covers being plugged 
up with wood in such a manner that the water tric1<les down in 
drops. On the top of the first tower one of the holes is left 
open in order to draw in the necessary air. Thus the towers 
yield nitric acid of 57 to 64 per cent IINO.^, inclusive of 1-5 per 
cent. N/)^, on the average of sp gr. ivio. The water in the 
receivers is le^t there until the specific gravity reaches 1-37. 
This plant denitrates 10 tons of waste acid per diem. 

Pauling (Amer. P. <^98390) concentrates waste nitrosulphuric 
acid by placing it in the anode compartment of an electrolysing 
apparatus, the cathode compartm(Mit being filled with dilute 
nitric acid. The nitrogen oxides liberated at the cathode arc 
conducted into the anode chamber. 

Cf, also supra ^ p. i68, the process of Ilirsch and several 
other.s. 

Various ot/icr Processes for iJu* Manufacture of Nitric Acid. 

Glock ((ler. P. i ^0254) heats nitrate in a pan provided with 
stirring-gear to 120' to 150'’ and runs in the equivalent quantity 
of sulphuric acid, previously heated to doo' to 130’, in a. thin 
jet. The end of the decomposition is facilitated by steam or a 
thin jet of water. At last air is bLwn\hrough, whereupon the 
solid, pulverulent neutral sodium sulphate is ladled out. Or 
else the nitrate is from the first heated to 250" C. [This 
process looks extremely impracticable.] 

Manufacture of Nitric Acid ivitJiout Sulpuuric Acid . — 
Campbell and Wall^'cr (B. P. 9782 of 1894) grind nitr^i-cake 
with nitrate* of soda and charge the, mixture into retorts pro- 
vided with a mcchanical^gitator. 

Garroway (B. P. 6777 of 1899; /. Soc. Chein. /ud., 1901, p. 
1191) mixes ordinary acid nTre-cake with^sodiijm nitrate, Ijeats 
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the mixture ui a retort, and blows a spray of weak nitric acid 
by means of copipresseVl air over the mixture. The nitrogen 
oxides, mixed with steam and air, arc regenerated! by con- 
densing-tubes jand towers into nitric acid. It is alleged that 
ultimately a 96-per-cent, acid can be produced. The residue 
is neutral salt-cake, testing 9«S-36 per cent. This process is 
stated to have beda worked for three years at Glasgow. 

Garroway (H. P. 2466 of 1895) also prepares nitric acid by 
heating a mixture of nitrate ofesoda and ferrous sulphate or 
alum, obtaining sulphate of soda and oxide of iron or alumina. 
He also patents the decomposition of sodium nitrate by silica 
(B. P. 2489 of 1896). 

Very interesting are the proces.ses intended for decomposing 
nitrate of soda in such manner that, besides nitric acid, caustic 
soda is formed. Theoretically these processes are enormously 
superior to the ordinary process; there is no wa^te of sulphuric 
acid and no production of nitre-cake, \yhich is a product of very 
low value, but the soda is converted into its most valuable form, 
as caustic or carbonate. But not one of these 'processes has 
come into regular use. They all suffer from the drawback that 
the temperature of decomposition is too high, which necessitates 
special shapes of retorts and great wear and tear of these, and 
.that some of the nitric acid (often a very considerable pro- 
portion) is reduced to lower o.xidc.s. These can be reconverted 
into nitric acid by m^ans of intimate contact with air or water, 
in “plate-columns” (Lunge Vowers) or otherwise; but this 
cannot be done without a perceptible loss, and it never leads 
to the producticwi of very strong nitric acid, such as is required 
for tjhe manufacture efr explosives and many other purposes. 

We therefore only refer to the enumeration of these proces.ses 
in Vol. Ill, (second edirion)^pp. 254 et scq., and briefly quote the 
more recent additions to the subject. 

A special retort for the Lunge and Lytc process (decom- 
position NaNO.j by has been constructed and •patented 

(Ger. P.’9 o 65*4). It consists of a revolving cyfinder placed in a 
sloping position, with inner projections and contrivances for 
feeding and exhausting without slopping the proeess. A full 
description of the whole process has-been given by J. L. F. 
Vogel in the Eujf. aiid Min. /., 1900, p. 408. 

^ain, Steveifston, and M‘DonaJ.d (B. P. 23819 of 1895) heat 
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sodium nitrate with manganese oxides. Garro\<fay (Ger. P. 
79699) employs lime and superheate^d steaip. Vogt (B. B. 
22018 of^iSpi) heats with lime, ferric, or manganese oxides in 
a current of superheated steam and carbon dioxide. 

Hemingway (Amer. P. 781826) manufactures nitric acid by 
mixing nitrate of soda, sulphuric acid, and water, heating the 
mixture to 77 ’ and gradually adding ferroiis sulphate. Ferric 
sulphate and sulphate of soda are obtained as by-products. 
The nitrous vapours arc condensed in the usual manner with 
the admixture of air. 

lhackmore (for Robin.son and Sprifancc, Am(!r. P. 982466) 
exposes barium nitrate to the action of superheated steam, 
whereby BaO., and nitric acid are formed. 

Guye (P>. P. 389864) obtains nitrophosphates, for applica- 
tion as manure, by passing mixturiJs of air, with very small 
quantities of^itrogen oxides, over tricalcic phosphate, in the 
[)rescnce of sufficient mpisture. Thereby mixtures of di- and 
monocalcic phosphates with calcium nitrite and nitrate are 
formed. * • 

The Chemische Werke vorm. Byk (Ger. P. 108143) make 
concentrated nitric acid from calcium nitrate by adding con- 
centrated sulphuric acid, and separating the liquid from the 
CaSOj foriu.ed by filtering, pressing, or centrifuging. The sama 
process is described in the Amer. P, 928545. According to 
(jcr. P. 217476 they bring about the Tlecomposition of the 
calcium nitrate by the theoretfcal quantity of sulphuric acid 
in the presence of .so much water ^that nitric acid of not essen- 
tially more than 59 per cent. HNO3 is formed. • The advantage 
of this modification is that the time d nitration is very tfiuch 
reduced, as hydrated calcium sulphate allows the liquid to pass 
through rapidly, and the channels iire ‘not stopped up by the 
hydration. Moreover more concentrated nitric acid is thus 
obtained, because the gypsum combines with 2 mols. of water. 
They dissolve lOO parts of Notodden nitre in nitric acid of 
55'"Jk and add sulphuric acid until no more caldum sulphate 
is precipitated (PY P^ 400505). , , 

Dieffcnbnch and Moldcnhauer (Amer. P. 914813; Fr. P. 
389500) convert hydrocyanic acid into oxides of nitrogen, by 
passing it, mixed with oxygen or air, overheated catalysers, 
such as Pt, Pd, Ir as MnO.,, Uy which the combustion is eff^ted 
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af a temperatyre below that at which the nitrogen oxides are 
destroyed. , * 

, Nitric Acid from Atmospheric Nitrogen, 

In thq natufe of thini^s, the Chilian and other beds of native 
nitrates are doomed to exhaustion, sooner or later, and long 
before this takes place, the price of nitric acid, if depending 
upon that raw material alone, would have risen to a dangerous 
height. Hence it is a matter of course that numerous efforts 
have been made for some time past towards utilising the in- 
exhaustible ‘^torc of nitfogen, present everywhere in the shape 
of atmospheric air, for the manufacture of nitric acid, which is 
all the more a most natural aim, as the other ingredients for 
the process, viz., free oxygen and water, are likewise present 
ever3 where, and arc to be had for nothing. 

The problem is merely to find out profitable ways for 
bringing about the reaction: N.^-f 5C>-f 11 , 0 -- ?11 NO.,, which 
evidently does not easily take place by ordinary means — 
fortunately ‘for all organised beings, since othetwise the atmo- 
spheric air \\;(;)uld have become unbreathable long ago. We 
shall now see what ways have been tried for that purpose. 

A. Oxidation of Nitro^e^en by the Action of Nigh Temperatnres. 

Already in the ordinary processes of combustion, eg, by 
the action of high femperatures, a very slight quantity of 
nitrogen is oxidi.scd, but far bblow that which would enable a 
technical process to* be founded thereon. The following patents 
try to do so anyhow, all the more since Hunsen, in 1849, noticed 
that iiitric acid is alsct rormed in the explosion of fulminating 
gas. 

We shall now enuificraJc, first, the processes intended to 
produce nitrogen oxides from atmospheric air, or other mixtures 
of free nitrogen and oxygen, by the application of heat in the 
ordinary manner, sometimes with aid of catalytic substances, 
and then pas.^ on t^ those which make use of e'lectricity for that 
purpoife. • 

Pawlikowski (Gcr. P. ,171623)* compresses the' gases in a 
cylinder and causes them to unite •by explosion inside or 
‘ outside the cylinder. A secondary electric energy may be 
introduced as v^ell from without (tik P. 25728 of 1905). 
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Ikiinler and Kettler (Ger. P. 185094; P. F%. of Briinler 
5852 and 5901 of 1906), Fig. 40, tlescribc; a furnace d of 
globulai^shapc, made of magnesia, with a bottom pipe Ji dipping 
in water contained in an outer cylinder a, capable of resisting 
high pressure. The gases containing oxygen are passed into 
the inner globe by means of lateral pipes, etc., together with 
fuel gases fj ; the apertures of these pipfes are opposite each 
other, so that strong whirls are produced, a perfect combustion 
of the fuel gas is obtained, and temperatures of 3000’ are 
reached near the walls of the globe d, and even higher ones 
more inside. Nitrogen is blown iif 
from the top at at such a rate that 
the tcm[X‘rature cannot sink belt)w 
that which is best for the oxidation of 
N. The gases and steam formed *tjy 
cornUistion gscape through a valve (i) 
at the top, and the water containing 
nitric acid is let out at the bottom of 
the cylinder? • 

The same inventors (Ger. Ps. 20535 1 
and 205538; Fr. P. 380467) blow, to- 
gether with O and N, also some fuel, 
gaseous or liquid, or in the state of 
powder, into the furnace, which at one 
end dips in water, so that the products 
of combustion arc immediately taken 
up by this. For instance, petroleum is 
burnt in a chamber, o{)en (it the bottom and there dipping 
into water, air being passed into the chamber under pr^^ssure. 
The dimensions of the chamber and the velocity of the gas 
current arc regulated in such manndi- that the pointed flame 
of the burning gases penetrates into the water. The best 
results arc obtained by burning umicr increased pressure. 

The Chemische Fabrik Griesheim-f'lcktron (B. V. 13954 of 
1907) produces catalytic bodies, especially^ intetTded for use in 
the manufacture of^n’trioacid, by heating a carrier, coat^^d with 
platinum-black (and, if necessary,, before this coated with a 
glaze) to a temperature* at which the platinum sinters. 

Bender (B. P. 8653 ©f 1907; Fr. Ps. 377442 and 405463;*' 
Amer. P. 900471 ; Ger. P.» 192883) heats thf^ air by me|ns of 
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an oxyhydro^eji flame and increases the formation of nitrogen 
oxides by cooling the pfoducts of combustion by means of 
blowing in superheated steam, and then less heated steam. 
The partial dissociation, of the steam furnishes a mixture of O 
and H, which is utilised for the heating process. The production 
of NO, according to him, amounts to 2-9 per cent. His Ger. P. 
217550 prescribes burning the atmospheric nitrogen in an 
upright furnace, fired with hydrocarbons, which enter through 
holes in a circular tube near thetbottom, and arc conducted 
upwards by these tubes, at the upper end of which they take 
fire. " The air entering from below cools these tubes and is pre- 
heated by them. The same inventor’s Ger. P. appl. Ik 51927 
prescribes the application of fuel which furnishes notable 
quantities of water on burning. His H. P. is 18203 of 1909 
Other j.atents of his are Gei'. I’s. 217079, 2170S0, and 227490. 

Kettler (Ger. P. 209961 ; Pr. P. 396161 ; Ik P. 24264 of 1908) 
places in the furnace' a platinum or porcelain coil, through 
which passes the mixture of O and N from the bottom upwards, 
being heated to 1200'’ to 1300' b)’ a burning mrxture of air 
and illuminativig-gas or benzene or petroleum vapours. In a 
horizontal tube, branching off at the to]) of this furnace, the 
air is heated further, up to 2000'', by the combustion of benzene 
vapour with oxygen, and still more by blowing in acetylene gas 
and oxygen. The gases now pass through an inclined, perfor- 
ated tube, into which the absorbing-licjuid enters from without. 

Dupre' (Ger. P. appl. D 193 53) passes air over a mixture of 
manganous and sodium carbonate at temperatures below the 
fusing point of the mixture; the nitre formed is obtained by 
lixiviq,ting the mixtmc', and the higher manganese oxides 
formed arc utilised for the manufacture of chlorine. 

Vietinghoff-Scheel (Ger. Jk 222629) burns C — or H — con- 
taining substances in mixtures of O and N in the presence of 
catalytically acting sub-stances, such as NaF, or CaF^, or P'e, 
Cu, and Ni, as metals or oxides, or MgO, CaO, Alj, 0 .j, or SiO.^, 
blown into the gas-space in the form of powders, in order to 
produce nitrogeiT oxides. The above-mentioned catalysers 
appear to be effleient for that purpose in proporti*)!! to their 
capacity for the emission of light. 

Sodermann (Fr. P. 413117) burns a mixture of N and O in 
a tul^e, in the wAlls of whith, at a^iy desired point, a cooling 
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liquid or gas is circulated ; a mixture of “ N^C\ fiitrogcn pro- 
toxide, and NO, nitrogen binoxide as^a secondary product’’ is 
thus produced, the proportions depending upon the particular 
zone of the flame. In an addition to this patent claim is made 
for the introduction of acetylene or other gaseous hydrocarbon 
into a flame of N and O, with subsequent rapid cooling of the 
reaction products. • 

Sodermann (Fr. P. 416036) heats a mixture of O and N, 
first in a spiral platinum tube to about 1400'", then in a hori- 
zontal extension, heated by burning hydrocarbon vapours with 
air enriched with oxygen, to 2000*", th^n passes The gases* into 
an inclined sheet-iron reaction-pipe, immersed in limewater, and 
here brings up the temperature to. 2700’ to 2600', either by 
introducing a little acetylene or by means of an electric arc. 
Through holes in the upper part’of the pipe, a shower of 
absorbent liqijid may be admitted at will, in order to suddenly 
cool the gases after the^reaction. 

Hausscr (IP Ps. 12401 and 13989 of 1906;' Ger. P. 216518; 
Amer. P. 96*1350; Fr. P. 409758) produces oxides" of nitrogen 
by the explosive combustion of a compressed mi'?:turc of N, 0 , 
and a suitable combustible gas or vapour, followed by chilling 
the mixture by injection of water, etc., or by passing it into a 
cooled receptacle. According to his IP P. 27826 of 1906 the 
bombs arc rinsed after the explosion with air from a compressor, 
and the compressed mixed gases are caiil^ed to enter a receiver, 
from which a number of explosion bombs, can be filled. Mis 
Ger. P. 232569; Fr. P. 420112; Amer. V'. 1000732 prescribes 
keeping the explosion pressure constant, or nearly so, until the 
thermic equilibrium has been attained. ^ This can be achieved 
either b^ employing a sufflciently large bomb, or by protecting 
this against radiation of heat. Bji exploding a mixture of 89 
to 90 per cent, air with 10 to 1 1 per cent, illuminating gas in 
bomb of 100 1. capacity gases containing 1-3 to 17 per cent. 
NOwefc obtained. His IP P. 13989 of 1907 compresses the 
combustible gas with an excess of air and effeeP^ the explosion 
in another vessel., Hia IP P. 20777 of 1910 shows, how a 
temperatui'e of 1600° to 1700'’ C. (absolute) can be reached by 
exploding a mixture oi^ about 10 vols. illuminating-gas with 90 
vols of air. • » 

Otto Pfennig’s Erben ^Gcr. P.' 2291^42) Blow gaseou^ fuel, 
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mixed with sbperheated oxygen or air, under pressure through 
a slit-burner into i;he furnace, which is adapted to the shape of 
the flarne disc. The two furnace walls parallel to tiie flame 
disc are perforated by many holes in the place where the 
greatest Itcat is developed. 

R. P. Pictet (Gcr. P. 226687- 415594)) starting from 

the observation that 'in certain spots of the flame the action of 
O upon N produces considerable quantities of nitrogen pro- 
toxide, prevents this by producing*a strong and sudden fall of 
temperature in that place where the maximum of N./9 would 
be formed, /tccording t6 his Ger. P. 226867 N.,0 can be 

utilised for the manufacture of explosives. 

The 13adische Anilin- und Sodafabrik (Fr. P. 396375 ; B. P. 
20406 of 1908; Ger, P. 219494) produces oxides of nitrogen by 
burning carbon monoxide In an atmosphere containing N and 
O under pressure. For the rapid cooling of the* products, in 
order to prevent the decomposition of .nitrogen oxides, a long 
pointed forrn is given to the flame, and it is made to lick the 
sides of the tube, its point being directed 'against a cold 
surface. BefoVe allowing them to expand, the gases are further 
cooled, so as to furnish liquid or solid nitrogen peroxide; or 
concentrated nitric acid is prepared directly by the addition of 
sufficient steam, or hydrogen, or other combustible to the gases 
before combustion. The refrigeration may be effected by the 
expansion of gas already refrigerated, and the heat produced 
by combustion may be utilised in obtaining the required 
compression. 

Phillips and Bulteel (B. P. 23976 of 1909) blow air and 
powdered fuel tangentiSlly into an annular combustion furnace ; 
the gyratory motion imparted to the burning fuel i;-iises the 
temperature to such a degree as to induce the formation of 
nitrogen oxides from the atmospheric N and O, or of NH^ in 
the presence of aqueous vapour. Their B. Ps. 27558 of 1910, 
29893 of 1910, and 4268 of 1911 describe other methods of 
spreading out •ihe f^ame over a large surface. 

Devilaine (Fr^ P. 423893) obtains nitric .acid, sulphuric acid, 
and many other substances, by the employment of ultra-violet 
rays of various origin as oxidising agent! 

The Societc I’Air liquide (Fr. P. 416557) heats a mixture of 
N an^ O strongl)^ under pressure ai».d then allows it suddenly 
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to expand, in order to cool it rapidly. It cm^^foys for this 
purpose a metallic cylinder, in the centre of which is a thin- 
walled rniignesia tube, the space between the tubes being filled 
with powdered magnesia or the like. Jhe heating may be 
effected electrically or by combustion. 

Wiegolanski (Norw. P. 2032tS) heats air to 1500" to 1700" 
and cools it suddenly down to 1200'' by m^ans of NOo, heated 
to 500"". The NO^, easily gives off oxygen which in statu 
nai^cendi oxidises the N without the aid of electricity. 

Special means for avoiding the retrogression of chemical 
reactions by high temperatures arc described by*Scherbius in 
Ger. Ps. 213709 and 221129. 

Price (P. P. 10755 *909) manufafitures nitrates and nitrites 

by conducting N and 11 , in the proportions in which they form 
NIT, into saturated solutions of ba.sic ifubstances at low tempera- 
ture atid pressure, whereby the salts obtain the necessary O, 
from the aqueous solution, which releases H to be used from 
time to time with fresh supplies of N. His B. P. 5657 of 1910 
describes the*prcqjaration of ammonium nitrate by subjecting 
air, mixed with IL,0 in the gaseous states or thTi gases con- 
stituting HwO, and additional supplies of 0, to great heat, then 
suddenly cooling and liquefying them. 

The Talpetersaure - Industrie - Gesellschaft, Gelsenkirchen* 
(Ger. P. 235299), subject highly heated air or other mixtures of 
0 and N to expansion, keeping up tlic^ame temperature, in 
such manner that the velocity oHrcaction is diminished without 
cooling the gases. P'or this purpose they ’attach to the air- 
heating furnace a vessel, evacuated below a p'-c.^tiure of 400 mm. 
mercury, with an arrangement for proteefing the gases against 
cooling during their pass'age into that vessel and during the 
expansion? This process avoids lilic tlecom position of NO, 
otherwise taking place in consequence of the extremely high 
velocity of reaction and the extremely high temperatures 
thereby produced. 

The same firm (Fr. P. 420252) employs a furfface, made of 
magnesia, divided into tw> compartments, coaimunicatigg at 
the top. Air is heated to 2600' in one compartment, and the 
pressure in the other is reduced by an air-pump to 400 mm. of 
mercury. In the upper .part there is a heat-compensating 
apparatus, such as an elcctrictarc playing betw^gn water-cojled 
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platinum cldctrodes, so that the sudden expansion of the highl}^ 
heated nitrogen oxides fakes place adiabatically, and the lower 
part of the compartment is provided with a refrigerating appli- 
ance, so as to prevent /Jissociation of the nitrogen oxides formed. 

The Westcfeutsche Thomasphospatwerke (Ger. l\ 182297) 
heat a mixture of air and st,eam to such a degree that the 
steam is dissociate!^] to, a great extent. The hydrogen thus 
formed is removed before the gaseous mixture cools down, by 
diffusion through porous walls, so as to avoid its reducing-action 
on the NO formed. 

‘Pauling ('Arncr. V. 758774) heats the air by an oxyhydrogen 
flame ‘and removes the free hydrogen, present in excess, by 
means of chlorine. His Fr. Ps. are 323760 and 325244. 

B. Oxidation of Atmospheric Nitrogen by Means of Electricity. 

/\s early as 1775^ Priestley made an observation on the 
action of electricity on atmospheric air, which laJer on he justly 
interpreted as having produced niti^oiis acid. About 1781 
Cavendish found that hydrogen, on burning in an excess of air, 
yields water containing nitric acid. In 1786 he showed that all 
the nitrogen of a certain quantity of air can be burned by add- 
ing an excess of oxygen, and allowing electric sparks to play 
upon the mixture. In publishing his observations in 1785,110 
‘expressly acknowledged the priority of Priestley in that respect. 
But a century elapsed before the attention, first of scientists 
and then that of technologists, was again directed to that 
subject ; stimulated to a great extent by the recognition of the 
fact that the rapid increase of mankind requires a corresponding 
increase in the 'production of foodstuff of all kinds, in the first 
line'of corn ; that such an increase to 'the required extent is only 
possible by the application of artificial nitrogenoue* fertilisers, 
principally of nitrates, and' that the natural sources of nitrates 
in Chili and elsewhere, if called upon to the corresponding 
extent, would be exhausted within a generation or two. 

It has been known for a long time that after thunderstorms 
a notable quantity of ammonium nitrate and nitrite is found in 

^ Apart from nay own notes, I follow, in this historical survey mainly the 
paper of K. liirkeland on the 'above subject, published in The Trimsaciions 
of the Faraday Society^ vol, ii., September 1906, from which I take also the 
account of the Birkeland and Eyde process. Also the paper by 0 . N. Witt 
in Chem. Ind.^ loo^, pp. 761 eTseq, ^ 

( ( c 
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the air, and that this is of great importance for iht fertility of 
the soil receiving the rain water, but during a long time appar- 
ently no e^orts have been made to utilise artificially produced 
electrical discharges in that direction. 

In i8So Spottiswoode and Dewar studied the action of 
electric flames in air. In i892^Crookes followed in that way, 
and showed the production of nitrous and ^itric acid thereby. 
In 189; Lord Rayleigh (/ C/iem. Soc, Ixxi. pp. 81 rl seij.) 
published his observations on,the oxidation of nitrogen, which 
led him, in collaboration with Ramsay, to the discovery of 
argon. From his laboratory experiments he conclutled that one 
kilowatt hour would be required to form 50 g. of nitric acid. 
He also mentions the electrical difficplty met with in produc- 
ing a steady high-tension flame for oxidising nitrogen, a question 
second in importance only to tlt.at ®f obtaining the highest 
possiblt^ output. Lord Rayleigh was the fiisi t^) show that with 
electric arcs it is possible 'to fix nitrogen alfhost in proportion to * 
the electric energy expended. 

Crookes {KUitr. World, xxxiii. p. 319) in the saihe year, by 
means of induction sparks, succeeded in forming g. NaNO.^ 
by the expenditure of one kilowatt hour, />., i ton of NaNO.j 
by 14,000 kilowatt hours. That means the generation of so 
much pow' r that it is out of the question to use .steam for that, 
purpose, and even water-power would be too expensive except 
under specially favourable conditions. • 

Important contributions to the object in view by laboratory 
investigation, and by theoretical reasoning^,’ were now made 
from many sides. We here mention : 

Muthmann and Hofer (AVr/. AVr., TOO^,*p. 438); Lepcl {^erl. 
AVr., T897, p. 1027; 1903, p 125 r; 1904, p. 3470) ; Stavenhagen 
(AVr/. Ar7'.,^905, p. 2171); Grau anc;^ Rifss {Wiener Akad. Bcr,, 
December 1906; Z. Elcktrochein,, 1907, p. 573); Nernst (Z. 
anorg. Chem., 1906, pp. 213 and 229); Berthelot {Coviptes rend,, 
cxlii. p. 1867); Erode (Z. Elektrochem., 1905, p. 752); Scheuer 
{ibid., 1905, p. 5 (T 5 ) ; Kodenstein (Z. angeiv, Chmn., 1906, pp. 
14-21); Haber, with varioi^s collaborators, Coatgs, Makowetzky, 
Holwech, Koenig, and Platoif {ibid., 1007, P- 7^^; 1909, p. 689; 
1910, pp. 684, 789, 796, 80^, 810 ; Z.pliysik, Cheni., 1909, p. 337) ; 
Warburg and Leithauser {Berl. Akad. Bcr., 1907, p 229; Ann. 
Physik [4], XX. p. 743; Che 7 u^Cenlr.,'\e)oy, ii. 4;^; Fischer and 
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Braehiner />Vt., 1906, pp. 940-968) ; Fischer and Marx 

(^Berl. Bcr., 1906, p. 2^57); Hausser iZ. Elektrochon., 1906, 
p. 444) ; Friiier and Durand {Comples rcnd.^ cxlv,j p. 248) ; 
Birkcfand (“ Faraday J.ecturc,” July 1906, Trans. Far. Soi., 1906, 
vol. ii.) ;.Hol\\cch (Z. a?/j^f 7 a. Chcui., 1908, p. 2131 ; Z. TJcktro- 
clicm.y 1910, pp. 369-390); Grai^and Russ {Z. (Vigeau. Chem.^ 1908, 
p. 554) ; Russ 1908, p. 555); Howies (/. Soc. Chcin. ImL^ 

1907, p. 290); Le Blanc (Z. Elektrochcju., 1907, p. 297); Guye 
{Mojiit. SdcuL, 1907, p. 225); Bodcnstein (Z. 1910, 
p. 876); Forster and Blich (Z. aiigt'w. Cheni., 191O) p. 2017). 

•Already 'in [903, Mothinann and Hofer maintained the view 
that the oxidation of nitrogen in electric arcs is exclusive!}' an 
effect of heat, and that there exists in the arc a chemical 
equilibrium between oxygen, nitrogen, and nitric oxide. 
Nernst, Brode, Haber, and others have work'ed in the same 
din ction. Birkeland puts the matter in this waj/ : a mixture of 
” I kg. oxygen with 3-3 kg. nitrogen at ordinary temperatures 
forms a certain quantity of NO, but only to an infinitesimally 
small extefit, and even at 700" is almost nothing. “This increases 
with the temperature, and at 3000' should be 5 per cent, of the 
air. If cooled down slowly, gradually the NO will diminish to 
the amount corresponding to each temperature, and at 700’ it 
^will be again nearly = nought. If, however, the cooling takes 
place very rapidly, the NO remains, and this is a point to be 
observed in all attempts made at producing the combination of 
N and O by effects of heat, whether electrically or otherwise. 

Laveth and Rand (Z. angciv. Chcni., I 905 > P- 1906) give the 
following tabl6^of the yields of nitric acid from air by various 
electrical methods, th^ligures denoting grammes of HNO.j per 


kilowatt hour : — 

Year. 

1897. Rayleigh . 

4 M 

Year. 

1897. 

Crookes . 

74-0 

1900. M.'icUougall .Hid Howies 

33-8 

1902. 

liradlcy and Lovejoy 

83-0 

1902. Kowalski . 

55.0 

1904. 

Birkeland and Kyde . 

I lO-O 

1903. Miithmann and Hofer 

70-0 


V. 



The theoretical maximum, according to Muthmann and 
Hofer’s calculations, is 157-5 S- HNO.^ per kilowatt hour. 7 "he 
authors consider that indirect methods. for the fixation of nitrogen 
by means of an intermediate product, as nitride or cyanamide, 
are more likely “to lead to -an economical, commercial success. 
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A very interesting paper on the fixation of atmospheric 
nitrogen is that of Ph. A. Giiye in /. *Soi. C 7 (r//L hid., 1906, 
pp. 567-57^ Wc abstract here only that part of it which refers 
to nitric acid and nitrates, leaving aside the fixation of N as 
cyanamide and NIL. The importance of the problem is shown 
by the fact that in 1905 the consumption of Chili nitrate has 
been 1,567,000 tons, of which about 300, o®o tons has been 
utilised in chemical industry, the balance as manure. Crookes 
estimates that the quantity of nitrate necessary to meet the 
yearly increasing demands will be more than 12,000,000 tons 
after thirty years or so ; long before this the Chili ^beds would 
be exhausted {cf. p. 125). The value of i kg. N as Chili 
nitrate is at prc.sent is. 3d., as sulphate of ammonia is. 2^,d., as 
nitric acid i.s. j\(\. Concerning the fixation of atmospheric N in 
the shape of nitric acid by electrochemical processes, many con- 
tradictory statc^ients have been made as to the scientific and 
commercial aspect of this problem, but it is how certain that the 
phenomenon is strictly governed by the law of chemical dynamics. 
So much is certain that it is necessary to work at a high 
temperature in order to increase the efficiency and velocity of 
the reaction, and that the resulting gases must be cooled 
instantaneously to avoid the reverse of the reaction. They 
contain i to 2 per cent, of NO by volume, as they pass out of • 
the arc chamber, and must then be treated in order to trans- 
form the NO into nitric acid, or nitrates, oi nitrites. The cost 
of this process is very different, ac(?ording to circumstances. At 
present wc may take a production of 500 kg. HNO^^ per kilowatt 
year as a fair average. From the results, obtained at a plant in 
Norway, the author calculates the cost pri»?u of a ton of HN/).j, 
in the shape of concentrated acid, £12, 2.s., or lOd. per kg. N, 
which shows a good margin when compared with the above- 
mentioned price of nitric acid. The di.scussion at the close of 
reading this paper, in which several of the greatest authorities 
took part, ^vas also mo.st interesting, but wc must, apart from 
the consideration of .space, all the more abstain from quoting 
more details, as the author himself admitted the “purely ^m- 
parative,” i.e., hypothetical, nature of thp figures given. 

In hull. Soc. Chilli., Ocf.-Nov. 1909, Guye claims for Briner 
and Durand priority with respect of obtaining high concen- 
trations of nitrogen oxides by such processes ; ^this claim^is 
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stron<^ly Anlested by Haber, Koenig, and Flatou in Z. 
FJck troche )n., 1910, p. j\) 0 . 

Neuberger {Z. angciv. Chciu.^ iQOSj PP- *‘^73 i'Fscij.) gives an 
historic survqy of the production of nitrogen oxides from air 
by electric discharges. 

Cramp and Hoyle (/. Sot. CJicui. hid., 1909, p. 95) discuss 
that question on tlie strength of laboratory experiments. They 
found that changes of yield to the extent of 50 per cent 
occurred by slight variations of' the spark gas, the strength of 
current, and the air-flask. For a given current the maximum 
yield of acid does not correspond with the maximum concentra- 
tion of acid, and the value of a magnetic fixed for spreading out 
the flame, as in the Pirkeland-l^yde processes, is doubtful. 

I^'hrlich and Russ {Sitr.iiugsbcrichie dcr kais. Akad. d. JV/ss. 
ill Wien, vol, cxx., July 1*91 1 ; Monatsh., 191 1, pp. 917-99O) made 
a detailed investigation on the process of the oxidation of 
nitrogen by silent electric discharges in the pre.sence of ozone. 
Under the conditions chosen by them they obtained the follow- 
ing values : — 


IV'n’'*nta”o iti 

Max I 111 mu of NO 

()xy;.;('ii by 

obtaiiK'fl in vul. 

volume of the 

por cent. HI tlio 

iniltal mixtuie. 

lirial (ias. 

5 

[0-2 i 

20-8 

4-1 

50 

13-2 

75 0 

. . 1 8-0 

9‘*5 • f 

■ h.] 


Such high, results are not produced by the electric equilibrium 
of nitric oxidC, but by a combination of electric and chemical 
actcon, since ozone present in excess oxidi.scs the NO formed 
to NoOr, and thus brings about a further formation pf NO. The 
latter proceeds up to the^ point when all ozone has been used 
up ; further discharges decompose the N.^O^ with formation of 
NOv, and the latter is then almost completely dissociated until 
a stationary point is reached, which depends on the one hand 
to an electric equilibrium of NO corresponding to the conditions 
of the experipient, on the other hand on the velocity of the 
formation of ozone. The phenomenon known as “ poisoning,” 
by which even small quantities of NO., prevent the formation 
of NO, is connected with this. With an increase of the initial 
co^Kentratioi\ of oj^ygen the available quantity of ozone is also 
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increased, and together with this the attainable maximum 
formation of NO up to the oxidatioif of all the nitrogen. 
Above thk point a stationary point is reached for the 
and ozone, but generally the maximum of the latter has been 
reached much earlier. At given electric conditions the velocity 
of the formation of NO is within i^ery wide limits independent 
of the composition of the original mixture aiKl nearly constant, 
but the velocity of the formation of ozone increases with the 
increase of oxygen in the original mixture. In gases containing 
but little nitrogen the velocities are smaller, probably owing to 
diminished conductivity. A variation of die electric* conditions, 
when employing the mine composition of gases, alters the 
velocity of the formation of NO and of ozone in the same sense. 
An increase of energy or a decrease of the gaseous pressure 
produces lower values for NO. The dissociation of ozone 
hastened by is within certain limits independent of the 

conc(uitration of ozone. * 

The work done on this subject in the Karlsruhe laboratory 
by Haber anef hi«^ co-operators (zvV/c the literature on p. 209) 
is of the greatest importance. A summary is given here, from 
notes supplied by Professor Haber to the author. The fact 
that by working under diminished pressure higher concentra- 
tions of NO can be obtained than at ordinar}' pressures was. 
securely established. Hut that style of working entails several 
difficulties, if intended to be carried out on a large scale. 
Haber obtained with the cooled Alternate current per kilowatt 
hour: 3-4 per cent. NO and 57 g. HNO.^; at 2 per cent. xNO, 
75 g. ; at 2*5 per cent. NO, 80 g. HNO.j. Hy thi- means higher 
concentrations are obtained for the samv yield, and hi^er 
yields for the same concentration. Jkit the difficulty of [)ro- 
viding such cooled arcs on the large scale is much greater than 
that of producing uncoolcd arcs. Since in many cases carbon 
monoxide is obtained as a by-product, in the manufacture 
of calcium* carbide, the po.ssibility of carrying out the process 
must be judged according to local circumstances. Up to now, 
no experience on the large^ scale has been made with Haj3er’s 
process. 

Morden ijnfra, p. 224), *011 repeating Haber’s experiments in 
his laboratory, obtained the best yield at a pressure of 400 mm., 
and at a low voltage, viz. 92 g.oHN03 per kilowatt hour. 
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Technical Processes fy' the Manufacture of Nitrogen Oxides 
*and Nitric Atid or Nitrates by Means of Electrical Currents. 

Concernii:^;^ the technical side of the question, we shall in the 
first instance quote a number of patents and other publications, 
about which we must refer the reader to the originals, and we 
shall then give sh®rt abstracts of those patents, etc., which seem 
to deserve a special notice, reserving a more detailed treatment 
to the small number of inventi(;ns which have been carried out 
on a really large scale and survived the first efforts of calling 
them into hfe. 

Prim (Gcr. P. 20722) ; Schneller and Koelemann (Gcr. P. 
173519); F. De Mare (Ger. Ps. 174177 and 176036); Initiativ- 
komitce fiir die Ilerstellung von stickstoffhaltigcn Pre^dukten 
{Fischers fahresher.^ 1906, p. 457); Hausser (Ik Ps. 12401 of 
1906 and i39<S9 of 1907; Z. Ingen., 1906,9.298); Marquardt 
and Viertel (Amcr. P. 804021); Pauling and the Gladbcck 
Chemical Co. (Gcr. P. 152805 ; Amer. Ps. 758774 and 758775 ; 
P'r. P. 341 109 ; Swi.ss P. 31 189) ; Petersson (Ger. Iks. 183041 and 
185897); A. de Montlaur (Ger. P. 188750); Societe anonyme 
d’etudes electrochimiques (Gcr. Ps. 187585 and 180290; Austr. 

23371) ; Societe anonyme d'electricite ct d’automobiles (Ger. P. 
180290 ; Chem. Ind., 1908, p. 87) ; Tannc and Papcnbruch (Fr. P. c 
367440) ; Thoresen and Tharaldsen (Fr. P. 3525 56); Chem. Fabrik 
Buckau (Fr. P. 3709/7); P'ischer (Chcjn. Zeif 1906, p. 1292 ; 
Z. Elektroehem., 1.906, p. 525) ; Fr. Foerstcr (Z. Elektrochem., 1906, 
p. 529); Klaudy {ibid., p. 545, with a rectification on p. 712); 
Ncuburger (Z. angew. Chem., 1906, p. 977); Wood (Amer. P. 
826301; Chem. hid:, 1908, p. 91); Mitchell and Parks (Amer. 
P.S. 773407 iind 817082; ibid., p. 91); Mehner(B.^P. 28667 of 
1903) ; N. Caro, Die Stidhtoffrage in Deutschland, 2nd edition 
(pamphlet), 1908; Polzenius (Austr. P. appl. 5210); P^arbwerke 
vorm. Meister Lucius and Pruning (B. P. 10522 of 1911); 
Steinmetz (Amer. P. 894547); Flektrochem., 1907, pp. 75-77, 
190-198, 2io-22i„ 225-234, 237-255, 280-286 (with many illus- 
trations); H()kbling and Preiss, in Chem. hid., 1908, pp. 83 
et seq.; P. F. Franklacid, / Eoc. Chem. Ind., 1907, pp. 175 
et seq. 

In 1895, Navillc and Guye, in Geneva, took out a patent 
(Gm. P. 8832<^) for jiiakirig nitrioi acid by electrolytic methods, 
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but without practical success. Their later efforts in that 
direction will be mentioned mfra, # 

Darling and Forrest (B. P. 5808 of 1894) produce nitric acid 
by electrolysing fused alkaline nitrates, metallic K or Na being 
obtained at the same time. Their B. P. 13171 of 1895 extends 
this process to the production ot nitrogen oxides for the manu- 
facture of sulphuric acid, together with caustic soda. 

Siemens l^rothers (Ger. P. appl. S16610 of 21st June 1902) 
protect the production of nitrogen oxides from mixtures of N 
and O by means of cooled metallic electrodes. 

Rasch {Z. Eli'kirochem., 1903, p. 162) propo^n^s for pyro- 
chemical reactions generally, and specially for the preparation 
of nitric acief from atmospheric air, the employment of con- 
ductors of the second class (metallic oxides and other metallic 
compounds) which arc very stable and stand very high 
tempetatiires. ^ Special apparatus for the oxidation of free 
nitrogen to nitric acid is described by Paifling (Ger. P. 152805); 
Lepel {IkrL Jh:r,, 1904, pp. 713 and 3470); Wiesler {Z. (Uigc:i\ 
Chem., 1904, P- ^•714)* 

M‘Dougall and Howies (B. P. 4^43 of 1899) r4)j)licd Lord 
Rayleigh’s method {supra, p. 209) for work on a larger scale. 
They got up to a yield of 49*2 g. IINO.j per E.H.P. hour. 
They found that it is better to work at ordinary temperatures 
than in the heat; that the intensity of current in the electric 
arc should not exceed 0-15 to o-2 pmfLrc ; they employed 
electrodes of platinum-iridium, \\ 4 iich were but little acted upon. 

Kowalski and Mo.scicki (B. P. 20497 of 1903; Amer. P. 
754147), having observed that the? output of Nt) with a large 
number of periods is better than witiudie usual number of 
periods from an ordinary alternator, oxidised nitrogen in Iiigh- 
tension flames of up to 50,000 volts with oscillating currents of 
from 6000 to 10,000 periods per second. But Jhrkeland {/oc. 
r?V.) found that he could not detect any difference of the output 
in flamcs'produced according to their system and those employed 
in the Birkeland-Eyde process. The factory built on Kowalski 
and IVEoscicki’s plan had Jpeen stopped already in 1905 j^Witt, 
CPcw. hid., >905, p. 703). 

Bradley and Lovcjoy#(B. P. 8230 of 190T ; Amer. Ps. 709867 
and 709868) produce nitric acid from atmospheric air b)^ means 
of an electric arc, subdivided in such manner as to obtain a large 
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surface by tVe expenditure of a small amount of electric energy. 
Their process was takeiC over by the Atmospheric Products Co., 
working with a capital of ^200,000, and disposing of water power 
at Niagara Falls to the extent of 2000 h.p. Their apparatus 
is descr'bed in Electrochemical Energy, vol. i. p. 20. They 
employ a continuous current, which first plays in sparks between 
two platinum electrodes, forming a light-arc which is at once 
interrupted ; when again closing the circuit, the play goes on 
again, and so forth. There are twenty-three rows of six fixed 
electrodes each, and the same number of electrodes revolving 
round a perpendicular axis, moved by an electromotor with 500 
revolutions per minute. Thus there are formed 6x 500 = 3000, 
altogether 3000 X 138 = 413,000 light-arcs per minute, produced 
by a revolving interrupter. The apparatus is surrounded by a 
casing into which 2*3 1. air per minute can be introduced for 
ciich electrode Three hundred and eighteen litres air per minute 
enter the casing, are partly acted upon by the light-arc, and are 
drawn out by an exhauster. The air now contains 2*5 volume 
per cent. 01 NO.^, which is converted in a towjr by the action 
of water into HNO^+HNO.^. The yield for 7 h.p. hour is 
I lb. =0-45 kg. nitric acid. 

Another patent of Bradley and the Atmospheric Products 
Co. (Amer. P. 829874; Ger. P. 179288) proceeds in a different 
way. They now aim at drawing out an electric arc as long as 
possible, and produce this by an alternating current, without 
losing the advantages of the csontinuous current, by employing 
a very high electric tension and self-induction. The gases arc 
furnished with an excess of oxygen and hydrogen, whereby the 
yield of nitric acid i' to be increased. In Chem. fnd, 1908, 
p. 86, it is stated that these processes have turned out 
uneconomical, probably owpig to insufficient regard^ being paid 
to the influence of pressure and temperature, and to the fact 
that each furnace works up only 300 1. of air per minute (against 
25,000 1 . in the Birkeland furnaces), which means a very great 
number of fn"naccs, and corresponding expenses. Schonherr 
{vide infra) staf^es that only one apoaratus was built on that 
system and stopped in 1904. The United States Census 
Bulletin, No. 13 (quoted in Chcni. Ind, 1909, p. 44) al.so states 
that these processes were given up in the summer of 1904 as 
they did not pay. liirkeland, in, his afore-mentioned paper, 
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considers their failure as*due to the distribution c: the electric 
energy over too many small arcs, altJlough it seems wise to 
effect thafi distribution over a large number of variable arcs of 
short duration, which allows to keep the energy consumed in 
the arcs to be kept fairly constant without the necessity of 
employing great inductive resistance. 

Hclbig (B. P. 3346 of 1905 ; Ger. P. 189864), in the manu- 
facture of nitrogen oxides from atmospheric air by means of 
the electric light-arc, utilises the well-known fact that the oxides 
of calcium or magnesium very considerably increase the electric 
conductivity of gases. If the electrodes are surrounded by a 
jacket of MgO or CaO.the arc may be formed with the very low 
tension of ^60 to 600 volts; the arC'>spreads out and fills the 
whole of the space, so that the gases arc very evenly heated. 
Thus large quantities of gas can be treated in a small reaction 
space.. The rjagnesia jacket must be protected by cooling,., 
preferably by the gasc's intended to Be treated, which are 
thus preheated. In his B. P. 27790 of 1907 he describes a 
special appaTatas for working with compressed air between 
suitable electrodes (Fr. P. 385193; Ger. P. 22523^). 

Spitzer (B. P. 22201 of 1906) passes the air into an electric 
arc and withdraws the gases only from the inner zone of the 
arc, with immediate cooling, for which purpose he describee 
special foiins of apparatus. 

Steinmetz (Amcr. P. 865818) produces in a cylindrical 
chamber made of glass or porcelain, a long, thin light-arc by 
means of electrodes fixed in the top and the bottom. Outside 
there is an electromagnet whose widened-out poles rotate round 
the chamber, and thus produce a deflecvion of the arc ia the 
form of a circle segment ; and this also causes the air to be a 
very shorf time subjected to the ’heating, so that any over- 
heating and consequent dissociation of the nitrogen oxides 
formed is avoided. 

Hauek (Ger. P. 193518), with the intention of compensating 
endothermic and exothermic processes, causes'" the electrical 
formation of nitrogen oxides from N and O tootake place.under 
water or another liquid. 

Gorboff and Mitke\*itch (Ger. P. 196114) cool the gases 
coming away from the electric arc, generated in a comparatively 
small chamber, by means of XI coil. ^ , 
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Grau aiK^Riiss (Amcr. Ps. 884919 and 884920) withdraw the 
gases from the, centre 'of the electric flame and immediately 
cool them, by means of an inwardly cooled tube, reaching into 
the centre and of the same diameter as the central zone of the 
flame. A cooled tubular electrode serves as the exit tube. 

Neuburger (Amer. P. 850392) oxidises atmospheric nitrogen 
by means of electric discharges, produced by less than 120 watts 
in a secondary current. By employing a low watt power, he 
declares, the formation of nitron.^' vapours is avoided, and there 
is exclusively nitric acid formed. The same inventor’s B. P. 
9939 of 1 90/ prescribed preheating the air to at least 1000" by 
other means and then subjecting it to the electric arc. 

Schlocsing (Fr. P. 373718) absorbs the nitrous vapours, 
formed from air by electrical means, at temperatures of 200'' 
to 3^0'’ by a dry fixed bade, preferably lime, or the correspond- 
ing carbonate, in the shape of porous briquettes.^ 

The Norske Aktieselskabet for Elektrokcmisk Industri and 
flalvorscn (B. P. 3680 of 1906) absorb the nitrous gases 
obtained in the electric arc in a solution of SO, or by strong 
II.^SOj, add 'an excess of strong sulphuric acid and oxidise by 
chromic acid, or a chromate, or PbO.,, or MnO,. Thus strong 
nitric acid is formed which is distilled off; the remaining liquid 
is electrolysed, in order to recover the H2SO,t and the oxidising 
agent and hydrogen which is utilised. If a cupric salt is added, 
metallic copper is o\3taincd as a by-product. The nitrous 
sulphuric acid can. also be oxictised by ozone or lEO^, in which 
case the oxidising agent is not, of course, recovered elcctrolyti- 
cally. Their B. P. 16885 ^ 9 ^^^ tends to secure better 

absorption of the nitrdus vapours by employing solid absorbents, 
as lime, etc., in a pulverulent condition, contained in a series of 
revolving or mechanically ^agitated drums. Other patents of 
theirs arc Ger. Ps. 170585, 179823, 188213. 

Lee and Beyer (Z. Eleklroclwi/i., 1907, p. 701) find that 
continuous or alternating currents have the same action in the 
formation of^NO^from atmo.sphcric oxygen, contrary to the 
opinion of sever»l inventors. r 

Warburg and Leithiiijscr {Berl. Akad, Ber.^ ipoy, p. 229; 
Absir. Amer. Chem. .SW., 1902, p. 2573;f found that by the action 
of the silent di.scharge on atmospheric air chiefly nitrogen 
pentoxide is for fned, ^besides a sukstance they designate by Y. 
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The Westdcutsche Thomasphospatwerke (Fr. 348189 and 
353548), in the manufacture of nitric afcid from air by means of 
the electric current, claim to avoid the formation of the lower 
nitrogen oxides by applying currents of low strength, from 200 
volts downwards. This is also claimed to prevent the fusion of 
the electrodes. Their Ger. Ps. 157629 and 160090 prescribe 
special forms of apparatus for this purpose. Their Ger. P. 
194326 prescribes preheating the air to 1000'’ before it passes 
through the electric arc. 

Ellis (Amcr. I\ 1002249) blows a heated damp current of 
air through a zone of light-arcs, the Reid of whith is at right 
angles to the direction of the current of the light-arcs, while 
turning these by means of magndtic fields parallel to the 
direction of the current. 

Acker (Amer. P.s. 914100 and»9i42i4) describes special 
arrangement.'^for forming nitrogen compounds by electrolysis. 

The Elektrochcmi.schc Werke, Bcrlin^Ger. J\ 199561), obtain 
nitrogen peroxide from mixtures of NO and air, containing 
very little 1^0, ^uch as arc obtained by electrical processes, by 
cooling down to 30". The nitrogen peroxide then precipitates in 
the form of a very fine fog, from which it is recovered by pass- 
ing it through a very quickly revolving drum, with application 
of cooling. The centrifugal force throws the fine particles pf 
N0O4, together with 11.20, against the wall of the drum, from 
which it is drawn off by suction and wofked up for nitric acid. 
A small quantity of steam may*bc added for this purpose to the 
mixture of gases before centrifuging. 

Sir William Ram.say (H. Ps. 16067 and 1606^ of 1907) obtains 
nitrous oxides, formed* by the action of electric sparks or jlames 
on air, in a concentrated form not necessitating any evaporation 
of water, ^y absorption in magne^sia \hoI in lime, which parts 
with the nitrogen oxides at too high a temperature), and expel- 
ling them again by heating. Other suitable absorbents for this 
purpose’arc tribasic phosphate of lime or soda, or the oxides of 
aluminium or iron, in the presence of water vapBur ; by heating 
to about 300 ' the oj^ides 4)f nitrogen arc expeilcd and collected 
in any usual manner, and the absorbent is then ready for use 
again, after being coolcJl and moistened. 

The same inventor (B. P. 26981 of 1907), for the purpose of* 
recovering nitrogen oxides ‘n a state of ^reaf dilution, such as 



220 


RAW MArEltlALS 


they are obtained from air by electric discharges, passes them 
through two heat intercCiaiigers and then through pipes, sur- 
rounded by a liquid of low temperature which may already 
contain some nitrogen oxides from a former operation ; they 
partly condense then and the liquid resulting is run down a 
fractionating column, where it n>eets the products of evaporation 
from a vessel in wpich rectification takes place in the well- 
known manner, with the result that almost pure N escapes, and 
the liquid oxygen remaining behind contains all the nitric 
oxides present. From this liquid oxygen they are separated by 
anotlicr rectification. 

Platsch (Ger. P. 200138) cools the products of the reaction 
from the light-arc by blowhig in the peroxides of the alkaline 
earth metals in the state of powder (which possess great heat- 
absorbing power and do .lot dilute the gases) ; the oxygen 
splitting off from them increases the yield of nitrogen oxides. 

Ferranti (B. Ps, 13965 of 1906; 206^7 of 1907) rapidly cools 
the products of the combination of N + 0 by the electric arc. 
lie employs a revolving annular electrode, which is hollow and 
cooled by water, through which the gases pass by means of a 
divergent pipe, which drives them against the cooling surface. 
Instead of an electric arc, internal combustion, or a resistance 
heater, or a combination of all three may be used to heat the 
gases. 

Spitzer (B. P. 22201 of 1907 ; Fr. P. 38307S) passes mixtures 
of N and 0 into an electric arc, and withdraws the gases from 
the inner zone, practicaHy excluding those in the outer zone, 
through a tube n? which they arc rapidly cooled, to prevent dis- 
sociat^ion of the nitrogen 'oxide.s. 

A special series of efforts has been directed towards the 
production of nitric acid fronf^ air by //le silent electrical discharge, 
e.g. in concentric tubes, coated with tinfoil and traversed by 
electric currents in opposite directions, so that in the annular 
space between the tubes the opposite electricities find their 
combination in the^shape of purple streams. This silent dis- 
charge, under ordinary circumstances ?cts much too slowly, and 
therefore Siemens and HaLske (Gef. P. 85103) in 1894 propo.sed 
to hasten it by mixing ammonia gas to carefully dried atmo- 
spheric air, preferably after having “ ozonised ” it and exposing 
it to the silent eriectrjcal cHschargg, whereby solid ammonium 
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nitrate is formed and separates in the solid form. But evi- 
dently that process also has not been fcund profitable in actual 
work. • 

Moscicki (B. Ps. 3583 and 27006 of 1906; Fr. P. 3S0614; 
Swiss P. 33694; Ger. P. 198240) produces NO from N in a 
magnetic field, in which the flamc-arc revolves in a plane and 
the gas passes out once through the zone 0/ heat. One of the 
electrodes is shaped as a hollow metallic body, powerfully 
cooled, with channels for the gases to pass through. In 1908 it 
was reported by the Neue Ziircher Zeitung (19th November) 
that the Aluminium- Industrie GeselLschaft was erecting works 
on this system in the Valais. 

The same inventor (B. P. 2i959„of 1908; Fr. P. 395424; 
Amer. P. 920610; Ger. P. 209959) blows into a revolving flame- 
arc, near the place of the highest heat, ga.ses which do not take 
part in the reaction, such as aqueous vapour, or gases already 
enriched with nitrogen' oxides and coofed down, introducing 
these through the central electrode, opposite to which is a conic 
prolongation of* the metallic conductor, so that the gases are 
spread out conically. 

According to his Ger. P. 230170, he places between his 
furnace and the absorbing-apparatus a condensing-tower, 
packed with distributing bodies, and fed with a mixture gf 
sulphuric aci<l 60'’ to 61 * B., and the 60-per-ccnt. nitric acid, 
obtained in the absorbing plant. The gases enter at the 
bottom of the tower, and arc qdickly saturated with nitric acid. 
This acid is mostly condensed in a setond' tower, in a concen- 
trated form ; the remainder is retained in a thijS tower, fed with 
dilute nitric acid. The dilute sulphuric acid, collecting at the 
bottom of the condensing tower, is concentrated to Go" to 
61" B. in leaden pans, which arc h^^ated by the gases on their 
way from the electric furnace to the condensing tower. A 
further modification is described in his Ger. P. 236882. 

Navflle, C. E. Guye, and P. A. Guye (B. P. 21338 of 1906; 
P'r. P. 361827) cause the electric arc to revolve 'by means of a 
rotating field, the^gase» being introduced • by one ,of the 
electrodes, Vhich is hollow;’ the other electrode has the shape 
of a disc with projecting margin, or of a cone. The gases are 
absorbed in concentrated sulphuric acid, the nitric acid formed*'** 
is distilled off, and the iWer nitrogen o 3 !:Mes are further 
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oxidised.' Tl^eir Fr. P. 385569 prescrfees absorbing the gases 
at first only pai'tly, then desiccating by refrigeration or by dry 
calcium nitrate, and then oxidising the NO further. Fr. P. 
3S5605 ; B. P. 6366 of 1908 describes a series of towers and 
chambers^ in which short periods of absorption alternate with 
periods of oxidation. 

The same invcitjtors,Jn Ger. P. 210821, produce a double 
movement of the flame-arc, obtained by an alternating cm rent 
in a revolving magnetic field, fed ,by an alternating current of 
less periods. Phis double movement is very favourable for 
chcihical reacjtions, suclras the oxidation of N. They dry the 
gaseous products and oxidise them as much as possible before 
absorbing them. 

According to Guye’s report {Z. lilcktroclunn., 1910, p. 848) 
the arc, with a current of 50 kw., has a length of 4 m. ; with 200 
to 250 kw., 12 m. ; with 500 kw., 20 m. The condensation of 
nitric acid is brought' about by the expansion of the furnace 
gases, compressed to 5 atm., and nitric acid of 95 per cent, 
can be obtained. 

The Neirbabelsberg Zentralstelle fur wissenchaftlichtech- 
nischc Untersuchungen (Ger. P. 211196) produce the flame-arc 
by a perforated tube, surrounded by a vessel into which the air, 
to be oxidised, enters, and then passes into the arc through 
the perforations of the inner tube. Thus the arc is never 
cooled down too much j the heat required for heating up the air 
is supplied by that of the flame-'arc. The tube surrounding this 
is best composed of fings-, between which there are gaps for the 
air to go through 

The Elektrochemische VVerke, Berliiv (Ger. P. 206948), pro- 
duce between two concentric tubular conductors a light-arc with 
a tension of 5000 to io,OGO v(>lts, which turns round by a whirl- 
ing movement of the air, more quickly at the outer than at the 
inner ring, so that the light-arc is spread out round the inner 
ring in a spiral form, and fills this space almost entirely. The 
air enters in a screw movement through the flame, and in con- 
sequence of this fiixes at once with nhe air already cooled at 
the walls of the vessel, .so that the newly formed nitrous gases 
are hardly at all decomposed. Their^Ger. P. appl. €13895 
describes for this purpose a plan for producing travelling 
flame-arc.s. 
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Kunhcim & Co. (Ger. 212881) construct their apparatus 
of fireclay. It i.s a cylinder with a conical upper part, open at 
the top, wl^ere the air enters, containing two electrodes made of 
iron X-i)ieccs. The current has a tension of 3000 volts. The 
air-valve is regulated in such manner that the light-arc is 
drawn down about half-way infp the vessel, where it burns 
quietly and completely fills the space. 

Vender (H. T. 18280 of 1908) asserts that hot gases, obtained 
by the combustion of atmospheric nitrogen by an electric arc, 
denitrate nitrosulphuric acid recovered from the waste acid of 
nitrating proces.ses (for glycerine, cellulose, benzol^ etc.) mfich 
better than heated air, and that thus perfectly clear sulphuric 
acid of 98 per cent, can be obtained. .This he attributes to the 
NO contained in those gases, which thereby is also more easily 
transformed to higher nitrogen oxides^ The process is carried 
out by means c)f two sets of tower apparatus The hot gases 
produced by the combustion of air heat iht first tow^r outside 
and pass into the interior of the second tower at the bottom, 
while the wasTe acid from those nitrating processes funs down. 
At the bottom of this tower concentrated sulphurk acid runs 
out ; on the top nitrous gases come out which, when treated in 
an ordinary condensing apparatus, yield nitric acid of 60 per 
cent., and this, together with the concentrated sulphuric acid 
obtained at the bottom, is made to feed the first tower. From 
this tower escape vapours which on conaiensation yield nitric 
acid of 98 per cent., and at its bcitom sulphuric acid of 75 per 
cent, runs out which is fed into the second tower. By this 
means, the inventor asserts, nitric acid can be mjinufacturcd by 
synthesis in the industry of nitrating |if'#cesses, even in such 
cases where the process in quc.stion by itself would be* too 
expensive ; ?ind the consumption of f^^ulpkuric acid is confined to 
losses by leakages. 

Haber and Koenig (B. P. 15490 of 1908; Ger. P. 210166; 
hr. P. 392670; Amcr. P. 938316) treat mixtures of N and O for 
the production of nitrogen oxides by the electric arc at a low 
pre.ssure in spaces of such^shape that they are almost entirely 
filled by the electric arc and that this arc is sufficiently cooled. 
Thereby from a mixtuietof equal volumes of O and N, gases 
containing 13^ to 14 per cent. NO, and from atmospheric air 
gases with i)\ to 10 per ceyt. NO are obtaiifed. Idie light- 

* 0 
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arc is p'rodu/^ed in long cylindrical vessels, in case of necessity 
cooled oLitsicJjr. The <4ectric discharge can be produced by 
temporary evacuation ; when the arc is once formed, the 
pressure may be allowed to rise again. Electrodes made of 
electrolytes have the advantage of producing less dust than 
metallic electrodes. The yields mentioned above were obtained 
by means of a wa^er-cooled quartz cylinder, through which the 
air or the mixture of O and N passed at a velocity of only 0-2 
m. per second, and at a pressure of only 90 mm. mercury. The 
pressures may vary between 80 and 200 mm. Morden (/. Soc. 
Ch%})L /;/^/,^i909, p. 520) continued his work by laboratory 
investigations. The best yield he obtained at 400 mm. pressure 
and with low voltage, viz, 92 g. IINO.^ per kilowatt hour. 
Haber, in Z. angciv. Chou., 1910, pp. 684-689, reviews the present 
state of the recovery oL nitric acid from air. Assuming the 
cost price of atmospheric nitrogen (free from oxygen) = 0-03 
mark (M) i)rokg., niti'ogcn in nitrate = i-20 M. and nitrogen in 
ammonium sulphate = 1-05 M, the value of nitrogen for assimila- 
tion may be taken as exceeding i M. This, at a consumption 
per annum^'of 2,000,000 tons nitrate = 315,000 tons N, and 
700,000 tons ammonium sulphate = 140,000 tons N, means a 
total consumption of 455.ocotons N, or an assimilation value 
of 525,000,000 M. In order to render the utilisation of 
atmospheric N successful, ist, the electrical energy employed 
must attain a conskkrable amount ; 2nd, the concentration of 
the nitrogen oxides must be 5fomewhat considerable ; and 3rd, 
the electrical disch^itge apparatus must admit of getting through 
a large quantity of energy, that is of air, with a simple apparatus. 
Only cheap water-power can compete here. The best conducted 
plant, according to Schonherr’s process, yields from i to 2-25 
per cent. NO. The discovery of Haber and Koenig, accord- 
ing to which the formation of NO is not a purely thermic 
reaction, but that in a cooled light-arc concentrations up to 90 
per cent, and upwards can be obtained, promises a thorough 
revolutfon in <:his field. 

The Swedish kitric Syndicate (-Gcr. P. 233031) utilise the 
gases coming from the electric furnace, where N and O are 
combined, for concentrating nitric acid^by direct contact. 

Limb (Fr. F. 403536) describes for the treatment of atmo- 
spheric nitrogefi the pro'duction of an arc by means of a 
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rotating iUcignctic fields obtuincd by the use polyphase 
currents. m 

Senez iind Ginics (l^r. P. 414726) describe an electric f^irnace 
for the same purpose. 

I avvlikowski (Ger. P. 225195) describes an apparatus for 
quickly compressing the gases for that purpose. 

H. Howard (Ainer. P. 952248) coiuprasses the gases and 
allows them to expand quickly, turning the heat into mechanical 
work. a 

I resser (P. P. 7319 of 1910) passes a mixture of N and O 
through a tube heated to a high temjierature b^ an electric 
current. The tube is provided with many small apertures 
through which the nitrogen oxides* formed escape into the 
surrounding space, which is kept under diminished pressure, 
so that the expansion of the gases Causes the temperature to 
fall abgut 500"^ 

J. Price (]k P. loid^ of 1909) fortifies the gases, derived* 
from air by electrical method.s, by adding oxygen obtained by 
the barium pro(Xiss, and with such a mixture he feeds an oxy- 
hydrogen flame, to assist in the combination of N and O. The 
gases arc passed into water or bases and are separated from the 
water by converting this into superheated steam, which is then 
used in tb.e barium process, 

Kaiser (13. Ps. 12229 of 1909; 12220 and 20325 of 1910 ; 
Ger. 1. 230042; I'r. P. 415976; Amer. 11 984925) produces an 
alternating current of high tension (25,000 vpits) within a tube, 
and forces a current of air, previously heated to 300 ' to 400 ', 
through it, at the same time tlhawing in small quantities of 
gaseous ammonia, which greatly promote*; the yield of nitr,ogen 
oxides. The mixed ga.ses then pass through a fine platinum 
net, kept iS the forepart of the tulic. ’Without the addition of 
NHj the yield is only 2\ per cent. NO ; with NH„ it increases 
to 6 per cent. (cf. the Siemens process of 1 894). 

The Dynamite A. G. vorm. Nobel (Ger. P. 228849) describe 
the formation of a steadily burning light-arc in a iibn-coiiducting 
tube, outside of whicji the»e is all along its leij^th a number of 
oppositely arranged revolving magt\,etic fields, so that the air 
within the tube is alterftately heated and cooled. Their Ger. 

223336 describes an arrangement, for the same purpose, ‘ 
consisting of a vessel within which th^re a’re rings of air- 



226 


RAW MATE'RIALS 


' . ^ ' ** 
tuyeres, reaching nearly as far as the light-arc, from which 

that arc rcceivils. an air-blast from all sides. Their B. Fs. 24607 

of 1910 and 9682 of 1911, taken together with D. Crops, bear on 

the same matter. 

Timjrr (Ger. F. 223887; Fr. F. 412227), in order to attain 
a very high temperature and rapid cooling of the reaction 
products, produces* the dieating in a tube made of magnesia, 
from which the gaseous mixture issues in one or more 
quickly expanding jets. That * body is interposed in the 
electric circuit, and is thereby brought to the requisite high 
temperature. ' 

Du Font’s apparatus (Amer. Fs. 943661, 948372, and 950703) 
also aims at rapid cooling. The perpendicular quartz tube 
holding the electrodes is surrounded by a silica tube, and cold 
water is run through the annular space between them, while a 
revolving magnetic field keeps the Hght-arc in constant rircula- 
tion. The air enters into the quartz tube under a pressure 
of 50 atm. at the bottom and comes out at the top. His 
Amer. F. 946361 describes a “ container,” an electrical non- 
conductor, ih a cooling-medium, within which the arc is 
longitudinally produced ; externally a scries of rotary magnetic 
fields extends between the electrodes. 

c The Chemische Fabrik Griesheim-T^lcktron (Ger. F. 193367) 
forms electrodes of fused magnetic iron oxide ; the molten mass 
is allowed to cool in the mould, until a solid, cylindrical shell is 
formed ; the remaining fused bxides are run out, and a solid 
or hollow metallic care is put in. 

The same fi/m (Ger. F. 228422) produces horizontal light- 
arcs ^and quickly removes the products' of reaction by intro- 
ducing all along the arc gas from a system of shutter-like slits, 
so that the arc cannot rfse upwards, but is pressed downwards 
by the inrushing gases and blown against the (adjustable) 
electrode. Their Ger. F. 234591 describes several special 
arrangenients of the aforesaid slits, and other improvements of 
the apparatus so jloes their Ger. F. 235429. The Ik F. is 5934 
of ipJto; Amer.‘ F. 981727; Fr. F. 412262; Belg. F. 204187; 
Ital. F. 321111; Hung. F 50856;’ Swiss F, 51272; Canad. F. 
125696, etc., etc. 

Albihn (Ger. F. 228755), order to start the way for the 
lines of force, ^rrangps the electrodes in the shape of two con- 
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centric rings ; this allows the construction of very ^ nail furnaces 
of high capacity, • 

Le Ni'irogenc S. A., Geneva (Gcr. P. 228423 ; P'r. P. 404230), 
prevent the extinction of the light-arc, which is easily brought 
about by the strong movement of the gases, by protecting the 
liead of the electrodes by a fire-proof screen, or placing them in 
hollow s[)aces in the walls. In the case of iucontinuous current, 
the cathode only need be protected. 

The same firm (Fr. P. 404720) dries the gases before or 
after the formation of nitrogen oxides by the electric arc, and -• 
produces nitric acid of 65 per cent, by absorbing the nitrogen 
oxides from Uiese dried gases in water. 

J. L. Roberts (Anier. P. 902C07) produces NO from 
elementary N and () by passing them upwards in a tube in 
wliich an electric arc is formed containing chromium, or 
chromium ami iron. 

Pinaghi (Ital. P. 92840) decomposes sea-water by the electric 
current and passes through the solution air which has passed 
through several Might-arcs, by which means sodium nitrate is 
formed. 

Prunet, Padin, and the Compagnie d’Alais (PV. P. 402012; 
P. Ps. 16224 and ^6225 of 1909; Ger. P. 237796), for the purpose 
of im[jrov!ng the yield of nitrogen oxides, maintain the tempera# 
ture of the electric arc constant, by using an alternating current 
of 200 to 1000 periods per second, and quickly cool the products 
by contact with a liquid. The electrodes arc arranged to form 
an upright fork in a chamber through which a regulated supply 
of air is passed from below ; a succession (T expanding arcs 
travels up, and is immediately cxtinguish0d on entering a ^ider 
chamber above by jets of pulveri.sed liquid, which absorbs the 
nitrogen oxides formed. An addition to this patent describes 
the ultimate passing of the gases through an apparatus in 
which they are subjected to the silent electric discharge, so as 
to oxidisC all nitrous compounds to nitric acids. 

The processes of II. and G. Pauling {Salpe ter saurc-Industrie- 
Gcscllschaft {Gelscnkirchc}^^ at Cologne) have^ during the last 
years roused great attention. Their patents for the manu- 
facture of nitrogen oxid?s from air by electric methods are : — 
B. Ps. 5540 of 1904; 7869, 7870, 7871, 8452, 18599 of 1906; 
18901 of 1907; 22037 of 19C9; 9884 and ,223 i9^of 1910; 1^121 
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and 14123 of\oi i. Amer. Ps. 807491 ; 877446 ; 877447 ; 877448 ; 
896144; 8738^:.; 9913^5; 991357; 993^^)8; 999586; 999587- 
Austr.,Ps. 27726 ; 31485 ; 31846 ; 49035 ; 34029. Ger. Ps. 180691 ; 
182849; 1849^8; 186454; 187367; 193366; 193402; 196112; 
196829 ; *198241 ; 202763; 203747; 205018; 205464; 21 1919; 
213710; 216090; 231584; 235299. Ger. P. appl. S30557; 
31188; 31189; 31746; 26008; 26009. 

We shall describe their processes principally according to 
the description given by Russ, \x\ Oesierr. Chan. Zeit.., 1909, pp. 
142 ct seq.y of the factory erected at Putsch, near Innsbruck, and 
driven by vvater-power of 15,000 h.p. Two other factories, of 
10,000 h.p. each, are in course of erection in the South of 
P'rance and in Northern Italy. I shall also make use of special 
information received from the inventors. 

The electric light-arc furnace consists of two parallel shafts, 
lined with fire-bricks, in each of which a flame is*burning^ The 
water-cooled electrodes are bent in the shape of the well- 
known lightning-conductors, designated in German as“ Horner- 
Blitzableiter.” The flame-arc, lighted in the narrowest part of 
the conductor, rushes upwards, owing to the upward tendency 
of the hot gases, and tears off at every half-period of the 
alternating current, a new flame being always lighted at the 
narrowest (and lowest) part. If a current of air of great velocity 
is blown in between the electrodes of such a lightning-conductor, 
the arc is still further driven out, and arcs of considerable length 
ace thus produced, consuming ^200 kw. and more. 

In order to obtain flames of high electric energy at a 
comparatively small tension, and yet to blow in large quantities 
of air, a special lighting-arrangement (Ger. P. 198241) is 
employed, of which F'ig. 41 is a sketch. The main electrodes 
rt, at the place of theMca»st distance from each 'other, have 
a narrow slit through which pass horizontally movable 
“ Zundschneiden,” i.e.y strips of copper, which are placed 
within fhe distance required for producing a quietly burning 
flame, by mekns pf the contrivance moved by hand and 
connected with* the “ Ziindschneidc ” by^ an insulating inter- 
mediate piece c. As thes^ copper strips are very thin, they do 
not disturb the motion of the air which rushes out of the 
tuyere in a width of 40 mm. at the narrowest place. The 
air is preferably preheated. Tlwe tuyere e is shaped in such 
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manner that the current of air, on issuing from it, takes a 
divergent course and washes the electrodes dll along their 
length. The flames are very easily regulated ; they burn most 
quietly, and are about a metre long. The electrodes are made 
of iron, cooled by water, and stand on the average two hundred 
working-hours. The “ Zundschneiden ” are more quickly used, 
and must be put at the proper distance froip time to time. 

As the flame is lighted at every half-period, there is, e.^. 
with alternating currents of 50 periods, a flame-band formed 
each second ; this is drawn out by the air current and tears. 
off at a definite distance of the electrodes. Theh follows the 
next flame-band, which is again drawn out anrl torn off, and 
so forth. The quick succession of the.se flame-bands produces 



the impression of a continuous flame of extraordinary light- 
power. 

The ignition takes place with a tension considerably greater 
than the working-tension, so that there is only a slight differen- 
tiation of phases and the flame* burns quietly. By applying 
the arrangement Ger. B.s. 193366 an (4 2 137 10 any desired 
number of flames can be made to burn parallel or one behind 
the other, so that the power deve'opcvl by a generator of any 
amount of force can be electrically utilised. It is therefore 
unnecessary to build special generators for working the furnaces, 
which is fequired for constantly burning flames ; but the furnaces 
can be worked from any central power geneiator, with full 
utili.sation of the ^nergy at disposal. Ovvisig to this easy 
putting in aTid out of the furnaces, a central lighting-station in 
combination with a furnhee plant can be utili.sed to the extent 
of 96 per cent, on the average of twelve months. At present « 
(19H) there are furnaces a'^ work which consume upwards of 
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1200 kw. yield obtained is from 6o to 65 g. HNO3 per kilo- 
watt hour. Ifbare the ix)wcr of the generator is better utilised 
than with standing flames of a total yield of only 0‘35,.to 0*4. 

The flame-gases, leaving the furnace at a temperature of about 
1200'’ rniTst first be rapidly cooled. This takes place by means 
of “ circulating-air,” laterally introduced into the upper part of 
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Fig. 44* 

the flamc-ga.ses and specially cooled (Gcr. Fs. 193402, 202763, 
203747). Thi!5 “ circulating-air ” consists of part of the cooled 
reaction-gases, branched off before the furnace-gases enter the 
condensing-plant. Thereby concentration.s of i-^ per cent. 
NO by volume arc obtained on the barge scale. 

As stated above, two light-arcs are always burning in a 
common furnace, as they arc show 1 in Figs. 42, 43, 44, which is 
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driven with a performance of 400 kw. per furnace at a current- 
tension of about 4000 volts; 600 cbjn. of air per hour pass 
through each furnace, not counting the “circulating-air.” 

In the Innsbruck factory twenty-four such furnaces are at 
work, consuming 15, coo h.p. One man can atcend upon six 
furnaces. Two other factories,, with 10,000 h.p. each, are in 
course of erection in the South of France ami in Northern Italy, 
and another at I Tdhn, near Wiesbaden, for 10,000 h.p. (Accord- 
ing to Chem. Zeit. Rep,^ I9ii,p. 475,1110 Pauling process was 
working at Roche dc Ramc with 20,000 h.p. water-power. The ^ 
temperature was kept at 600"', and oer kilowatt - hour 66 g. 
IINO.j was formed.) 

The heat of the ga.ses, leaving thcjurnace at 700’ to 800'' (\, 
is utilised for preheating the blast-air, for contracting the nitric 
acid and for evaporating the .solution of sodium nitrite. The 
gases t,hen ent^r the condcnsing-[)lant, consisting of stoneware 
pipes and towers, where they meet a coimtci -current of water,* 
and produce nitric acid of 35 up to 50 per cent., which is usually 
further concentrated to 60 per cent, by the heat of the furnace- 
gases ; it is possible to go up to 98 per cent. The nitrogen 
oxides, remaining in the gases after the condensation of the 
nitric acid, are completely utilised for the manufacture of sodium 
nitrite. 

The following notes refer to .some improvements protected 
by the same firm. # 

ThcSalpetcrsaurc-Industric- 4 ^iesell.schaU,Gcl.senkirchcn(Ger. 

P. 182849), obtains from atmospheric air oii one side mixtures 
of O and N very rich in oxygen, on the other* such mixtures 
very rich in nitrogen, by applying tho principle of counter- 
current to the well-known capacity of water or alcohol to dis- 
solve under cc]ual circum.stances more «() than N, or tvVc 7>frscL 

Their Ger. P. 205018 prescribes cooling the nitrous gases 
obtained by their method by artificial cold below o' , whereby 
acid of ijo per cent, is obtained. Ger. P. 213710 describes 
placing several 'flame arcs in seric.s. Ger. P. >316090 another 
contrivance for this purpe^e ; also, B. P. 9884 pf 1910. 

Their IF P. 22319 of 191^ (with Ikauling) prescribes heating 
the mixture of N and C^to a high temperature, and causing it 
to expand without fall of temperature. It is introduced into a,* 
chamber, where there is a *^acuunrof 400 nRn. mercury; this 
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chambe'/ is heated to maintain the temperature during the 
expansion gases, jyhich are subsequently cooled. By the 

expansion the reactivity is so reduced that the prqportion of 
nitrouk oxides produced at the highest temperature is nearly 
maintained duVing the cooling. The German patent for this 
process is No. 235299. , 

In their Amer. i\ 807491 it is claimed to convert atmospheric 
nitrogen quantitatively into nitric acid in two phases : first, 
treating the air with spark discharges, and thereupon oxidising 
the nitrous oxides formed by exposing them to ozone, formed 
by dark electric discharges. By means of absorption in water, 
or previous treatment with steam, ultimately nitric acid is 
obtained in a more or l^ss concentrated form. 

Amer. P. 991357 provides for expanding the compres.sed air 
after its treatment in the arc-space, so that it is cooled down and 
the decomposition of the nitrogen oxide formed is prevented. 
'A special furnace for this purpose is described in Pauling’s 
Amer. P. 999587, and in Amer. P. 999586 of the Salpetersaure- 
Industrie-Gesellschaft (Ger. P. 231584). Pauling’sdk ]\s. 14121 
and 14122 ex'* 1911 describe a tower for absorbing the nitrous 
gases produced by his processes by sulphuric acid, after having 
been first dried in a similar tower. The French patents arc 
No.s. 430111 and 4301 12; the Ger. P. No. 244840 and 246712. 

/^roa’sse^s of lUrkcIand and Hyde. 

Among the most successful attempts at oxidising atmo- 
spheric nitrogen are those of Professor Birkcland, in Kristiania, 
and Eyde. Wht {CJicm. Ind, 1905, pp. 703 ct sec/.) drew special 
attention to their proc(?sS, and this became still better known by 
a paper read by Birkcland in London to the Faraday Society 
in 1906 (Trans. Far. SV., \Jj 1 . ii., September 1906).' An illus- 
trated description of that process and the Notodden factories is 
given by Dc la Vallee Poussin, 1910, Lyon, chez Rcy and Cic. 
The principal element in their process is the production of a 
peculiar form high-tension flame, never before employed in 
technics, but sinqe then proved to bq, a powerful technical aid 
in various chcmiijal reactions. Two pointed copper electrodes, 
attached to a high-tension altcrnator,<-are placed equatorially 
between the poles of a powerful electro-magnet, in such a w.ay 
that the terminals of the •electrocies arc in the middle of a 
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magnetic field. Thereby an electric disc flame is /prmbd, such 
as is shown diagrammatically in Fig. 45»; the fl4ij^.e here shown, 
which repj;esents about 250 h.p., is established between water- 
cooled electrodes made of copper tubing of 15 mm. diameter. 

The working potential employed here is 5000 v®lts; the 
current is an alternating currenUof 50 periods per second, and 
the terminals of the electrodes arc at a fixed distance of about 8 
mm. from one another. Even with flames of 750 kw. at 5000 
volts, the same kind of electrodes can be employed, and here, 
too, the distance between the terminals of the electrodes is not < 
more than about i cm. By the cooling *of the elcttrodcs \^ith 
water, about 7*5 per cent, 
of the electric energy en- 
gaged between the elec- 
trodes is removed by the 
water 4s heat. ^ 

The formation of the^c 
disc flames may be ex- 
plained as follows : at the 
terminals of the clo.seIy 
adjacent electrodes, a short 
arc is formed, thus estab- 
lishing an easily movable 
and ductile current-conductor in a strong and extensive magnetic 
field, ?>., from 4000 to 5000 lines of magfictic force per square 
centimetre in the centre. The ate thus formed then moves in a 
direction perpendicular to the lines of for^e, at first with an. 
enormous velocity, which subsequently dimiqfthes ; and the 
extremities of the arc retire from the tcrrnuials of the electrodes. 
While the length of the *arc increases, its electrical resistance 
also increaifbs, so that the tension is*^ increased, until it becomes 
sufficient to create a new arc at the points of the electrodes. 
The resistance of this short arc is very small, and the tension of 
the electrodes therefore sinks suddenly,’ with the consequence 
that the outer long arc is extinguished. It is»assumed that, 
while this is taking place, Uie strength of the current is regulated 
by an inductive resistance in*series wjth the flaiVie. 

In an alternating cur/ent (Fig. 45) all the arcs with a positive 
direction of current run one way, while all with a negative 
direction run the opposite v*ay, presupposing •the magnetising 
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being 6 ffeG 4 ecl by direct currents. In this way a complete, 
luminous, cir<\.ilar discris presented to the eye. The flame 
extends farther along the positive electrode than* along the 
negative. 

The 'extremities of an arc may sometimes appear like glow- 
ing spots upon the back of the electrode. The spots of light on 
the positive electrode are small, and lie exceedingly close to one 
another; while those on the negative electrode are larger, and 
the distance between them is- greater. The reason of the 
appearance of these spots of light is that the arcs, so to speak, 
mat or solch:r themselVes to the electrodes, so that the electric 
force can only make the extremities of the arcs niovc along the 
electrodes in tiny leaps. -It is evident from the curvature of the 
arcs that they cling more closely to the negative than to the 
positive electrode ; and, -therefore, the flame extends farther 
along the positive electrode than along the nega/^ive. 

When the flame i^ burning it emits a loud noise, from which 
alone an impression may be obtained of the number of arcs 
formed per second in the flame. By the 
aid of an oscillograph, the tension curve 
for the electrodes and the current curve 
can easily be drawn. (In the original 
several such curves arc reproduced.) 

The flame here described was, for 
• the purpose of producing nitric acid 
from afr, enclosed in a special furnace, 
with a metal casing lined with fire- 
brick. The more Accent form of this 
furnace is shown in Fig. 46. The firc- 
chamber is. only 5 to 15 cm. wide, in the 
\lir(jction of the lines of force, made 
partly of perforated fire-brick, air being 
supplied in an evenly distributed supply through the walls. 
The system of magnets is composed of two powerfill electro- 
magnets, theii* extremities turned in towards the fire-chamber. 
The magnetic tcircuit is closed, either, as in a horse-shoe 
magnet, or through the cast-steel' casing of the filrnace. The 
air is driven into the central region ofi both sides of the flame 
by gentle pressure from a Root’s blower ; and after passing in 
a radial directjoli arrives at a pcnepheral channel, whence it is 
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conducted away. The horizontal electrodes are madp ofcopper 
tubing, 15 inm. in diameter, whose ternninals ajr within about 
I cm. of ope another, and are cooled by water in circulation 
which keeps them from fusing. The electrodes are exchanged 
and repaired after being in use for about three h*undred hours, 
the exchange itself taking about fifteen minutes to accomplish. 

At the factory at Notodden, in Norv'ay, \vherc this process 
(after having been tried elsewhere on an experimental scale) 
has been carried out on a large scale, there were in 1906 three 
such furnaces, at 500 kw. each, in full activity. They burn 
extremely steadily, with a variation in ^^nergy of ftnly 2 tef 3 
per cent, although the electrodes have no automatic regulation. 
It has happened that a furnace hasi burned for forty hours 
without being attended to. The furnaces themselves give 
notice of anything going wrong, for ihe flame begins to roar, 
in ample time^to allow of an adjustment before the flame is 
extinguished. * * 

The fire-brick lining stands very well, in spite of the 
enormously high temperature of the disc flame, as tlfe^tempcra- 
ture on tlic walls does not rise above 700'’ dur 5 ig normal 
working, owing to the cooling effect of the current of air. An 
estimate of two or three renewals of the lining per annum has 
proved too high, 

111 the new manufactory at Notodden,^ which obtains 30,000 
h.p. from a waterfall, 5 km. distant, the furnaces will be up to 
750 kw. under normal conditiefns, and during flood-tide up 
to 850 kw. With a working-tension of 5(S)ob volts, the power 
factor for these furnaces will bq about 0 75. ,Vhe cost of a 
furnace, including induction resistance, is ^1000, fully com^dete 
and capable of being attached. to an ordinary alternating-current 
with a tensiSn of 5000 volts. They 5 ;he?efore cost only per 
kw., which is surprisingly low ; but in the future the cost will be 
even less, as they would be made much larger. Furnaces of 
2000 kw. Would cost only about /^iioo to ^1210. I hear from 
Prof. Birkeland that in 1911 furnaces of 3000 to^ooo l<w. were 
used, and they were to go ,%s far as 6000 kw. * 

The nitrile oxide fumes, formed in the furhaccs and con- 
ducted away with the ho/ gases, fix, after cooling, more oxygen 
and form nitrogen peroxide which, on treatment with water, 

^ Other factories are placed at ftvelgfos, Tienfos, KjiJkan, and Saalieim. 

* ^ * 
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yields 'nitrjj: acid. The volume of aV thus treated in the three 
furnaces in I^q6 was 745>ooo 1. per minute, and contained after- 
wards I per cent. NO. This rarefaction, of course, causes 
difficulties. 

Tho gases, coming from the furnace with a temperature of 
6 cxf to 700"", first pass through a steam-boiler, the steam of 
which is utilised jn the manufacture of the ultimate product, 
calcium nitrate. (In the new plant the gases are directly 
passed through the evaporation-tank, which produces such a 
saving of heat that the employment of coal may presumably be 
av'bided.) 

After leaving the steam-boiler, the temperature of the gases 
is 200", and they are now further cooled down to 50'' in a 
cooling-apparatus, in order to be more easily absorbed by water. 
The ga.ses then enter tw^i large oxidising-chambers, with acid-^ 
proof lining, where the NO is converted into pitric p(;‘roxide ; 
this is then convertt^d into nitric acid, in two scries of stone 
towers, 2 X 2 X 10 m. inside. Each series consists of five towers, 
two of granite, two of sandstone, filled with* pieces of quartz, 
over which'water is flowing and nitric acid is formed; the fifth 
tower is packed with bricks, over which milk of lime is run down 
and absorbs the last nitrous gases, with formation of calcium 
^nitrate and nitrite. The first tower yields nitric acid of 50 per 
cent, the second about 25 per cent, the third 15 per cent., and 
the fourth 5 per ccRt. The liquid from the fourth tower is 
raised by compressed air to the top of the third, that from the 
third to the secoridj and that from the second to the first, thus 
gradually inci^j^ising in concentration up to 50 per cent. ; it is 
then conducted into a series of open granite stone tanks. Some 
of it is employed to decompose the calcium nitrite formed in 
the fifth tower ; the NoO^ driven out is carried *Dack to the 
towers. 

The solution of calcium nitrate thus obtained, together with 
the nitric acid stored-up, is converted in a scries V)f granite 
tanks by mea^is of limestone into a neutral solution of calcium 
nitrate. This solution is either evaporated in iron vessels to a 
boiling-point ol 145", answering to a concentratio'n of 75 to 80 
per cent, calcium nitrate or 13-5 per <^ent. N., which is run into 
iron drums of about 200 I. capacity where it congeals, and in 
that form goes^ihto the market ; or else it is evaporated only to 
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a boiling-point of 120" and allowed to crystallise. T^ie calcium 

nitrate crystallising out has the compogition CafN 03)^ + 41120 
and is hyg|;oscopic. It is used as a fertiliser, alid is rendered 
more fit for that purpose by converting it, according* to a 
suggestion from Dr R. Mcssel, into basic nitrate’, which keeps 
dry and can be scattered with a sowing-machine. It is quite as 
good a fertiliser as the natural saltpetre, and on sandy soil, 
which is deficient in lime, even superior to it. 

The cost of production in .the factory erected at Notodden 
in 1906 was estimated at £4. per ton of calcium nitrate, con- 
taining 13-2 per cent. N, the selling price at £Sy as reckoned 
from the selling price then ruling for combined nitrogen = ^60. 

Eyde, in /. Sor. Arts, 1909, pp. 568r574 (/. Soc. Chcni. bid , 
1909, p. 1214), describes the proce.ss as then carried out at 
Notodden, where at that time 40,990 lo 45,000 h.p. were used 
for it. , ^ 

In 1910 there were at Notodden nhirty-two furnaces, 
going with 800 to 850 k*w., and altogether consuming 25,000 
to 26,000 kw., say, 34,000 to 35,000 h.p. The air entered the 
furnaces at the rate of 1000 cbm. per second. MIoth the 
13 irkeland-Eyde and the Schonherr process (see below) were 
in operation. 

In 1911 Scott Hansen, in a lecture before the Faraday 
Society, reports that 180,000 h.p. were to be employed for this 
manufacture at Notodden, in which thctBadische Soda- und 
Anilinfabrik has a considerable share. He very fully describes 
the various establishments, already erected or planned, for 
utilising the Norwegian water-powers in the p>anufacture of 
chemicals, in the first mstance of nit’^iC lacid from air {C/iem. 
Trade /., 191 1, xlviii. pp. 454-455). 

AccordiiTg to Z. augciv. Chem., i^ii,.p. 1263, the natural gas, 
issuing at Kissarvas (Hungary), is to be utilised for manu- 
facturing nitrate fertilisers from air, by the process Birkeland- 
Eyde and Schonherr, to the extent of 9400 tons calcium nitrate 
and 2500 tons soefium nitrate. • 

AvunoniiiDi nitrate is ^Iso to be manufactiired on a large 
scale at Notodden, to the 'extent of 15 tods per day. A 
description of the insta?Iation for that purpose is made by 
Biihler in Cheni, bid., 1911, pp. 210-212. 

The patents of Birkelanid and ‘Eyde for »their nitric acid 
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process arg as follows. In Norway 'fifty-three various patents 
were taken oi^ for it, apcl most of them applied for in all other 
countries. The principal foreign patents are : — 13 . ps. 200 ^g of 
1903; 20003, 28613, 28614 of 1904; 3525 of 1905; 16885 

of 190;:; 6265 of 1908. Ger. Ps. 1705S5 ; 179825; 179882; 
214445. Amer. Ps. 772862; 775123; 906682. Vr. P. 335692. 

Properties and Ana/^sis of Norwegian Nitre {Norge Salpetre), 
— According to Hals (Cliem. Zeit.^ 1911, P- 1130) that article, 
which for commercial purposes is partly freed from its water of 
crystallisation, is much more hygroscopical than Chilian nitrate 
ofsoda. This property may sometimes interfere with its use as 
a fertiliser. 

The analytical methods for Norwegian nitre (lime, nitrogen, 
etc.) are treated by Dinslage in Chcni. Zcit.y 1911, p. 1045, and 
by Stutzer and Guye {ibid^<, p. 891). The latter chemists employ 
by preference the “Nitron” method, describc^l by Busch in 
Perl. Bcr., 1905, p.'^ 861, and 1906, p. 1401; and in Lunge- 
Kcane’s Technical Methods of Chemical Analysis^ vol. i. p. 31 1. 

Statistical . — The exports of Norwegian air-salfpetre (Norge 
Salpetre), 'according to the Central Statistical Ihireau at 
Kristiania (quoted in fourn. Indnst. and Engin. Client.^ 1911, 
p. 948), have been as follows (in tons) : — 


CoutiLry to which 
exported. 

im. 

IDOU. 

I'JiO. 





Denmark. . 

538" 

256 

392 

Get many . * 

3841 

4803 

4791 

Holland . ' . 

Belgiirn}, . 

1270 

1149 

1687 

32 

i 3 h 

363 

Great Britain ^ 

* 619 

2530 

4900 

France 

671 

.152 

683 

Other countries . 

81 

% 

. 340 

694 

« 

Total . 

< 

7052 

93(36 

13530 


According to Chem. Trade 1911, vol. xlix. p. 632, there 
was further e>!por^ed from Notodden : — 


r 

* 

• 

loot). 

1910.' 

Sodium nitrite . 

2577 

502 tons. 

Sodium nitrate . 

3200 

1074 „ 

1 

c 







MITIUC ACID 


239 


% I • 

According to Chon. 191^, p. 69, the exportation from 
Norway in the year 1910 amounted tp 13,531 tons calcium 
nitrate, 3200 tons sodium nitrite, and 1074 tons /odium nitrate. 
In the meantime also the manufacture of ammonium nitrate 
has taken a vigorous share. • 

Processes of the Badischc Auilin- und Sodafabrik {Schonherr). 

Among the most successful inventions for the productions of 
nitric acid from air are thosq made by the chemists of the 
Badische Anilin- und Sodafabrik at Ludwigshafen. We shall 
in this place report upon them in the first instance from the 
publications, made by two of the gentlemen connected with that 
firm, viz., Y)r Schonherr in Elatrotcch^nisehe Zeitschrift^ ^909, 
parts 16 and 17 (more briefly in Z. angew. Cheni.^ 1908, pp. 1633 
cl seqk), and Professor Ikuaithsen, ibid, ^909, pp. 1 167 ct scq. 

Schonherr justly points out that the formation of nitrous 
gases from air by the action of high temperatures under ordinary 
circumstances does not t^flve place to a sufficient extent to be 
noticeable, Btit t);at another condition must undoubtedly be 
observed, if considerable quantities of nitric acid arc to 
be obtained, viz., the rapid cooling of the highly heated air. 
The formation of a gramme-molecule = 30 g. NO from 10 0 + 
14 N absorbs 21,600 calorie.s. According to a general law this 
formation increases with the time and the temperature, but for 
each temperature it cannot be driven, by ever so much pro- 
longed heating, beyond a certain .point at which an equilibrium 
is reached, because at that point in the uiiity of time just as 
much NO is decomposed into N + 0 as is newly fVirmed by the 
opposite reaction. According to X^ernsp fjic formation of NO 
from atmospheric goes on'at ^ ^ 
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Hence, in every case a very large quantity of air must be 
heated without furnishing NO, Calculation shews, for instance, 
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that at lQ^S*" five times as much heal: must be expended as at 
3327°, in ordeMo yield, the same weight of NO. From this it 
follows that oitiy such processes have a prospect of economical 
working in which the air is very highly heated. ]^y means of 
the electric light-arc temperatures of 3000° can be obtained. 
But it is impossible to produce NO in the corresponding 
concentration, since an increase of temperature increases not 
only the concentration of NO, but also the velocity, both of its 
formation and of its decomposition, for at the point of equili- 
brium just as much of the substance in question is decomposed 
as" is newly formed within the same time. The velocity of 
decomposition at 3000'’ is about ten million times greater than 
at 1900'. Hence the cooling of the products of the reaction 
must take place with enormous rapidity, and the practical yield 
of any process will principally depend upon the more or less 
fortunate application of this principle. Up to now the greatest 
success in this line has been attained 'by applying an excess of 
air, which indeed takes place in most technical processes for 
this objectr, intentionally or unintentionally all other cooling 
agents act' too slowly. The dilution by this excess of air also 
acts favourably for preserving the once-formed NO, because 
the velocity of its decomposition also falls rapidly with its 
concentration. 

To be sure, already in 1906 Warburg pointed out that other 
than purely thermic -effects may take place when treating air 
in the electric light-arc, and Haber and Koenig have in fact 
obtained such concentrations of NO as are impossible if only 
the purely thermodynamic conditions of equilibrium were pre- 
vailing. In a partkd vacuum, at 100 mm. mercurial pressure, 
they obtained NO concentrations up to 10 per cent. But 
Schdnhcrr points out .^hat in all technically applied processes 
for heating air by light-arcs, with very high intensities of 
current and pressures near the normal, those special effects, 
observed by Haber with more diffuse discharges, recede into the 
backgrbund, and the purely thermical interpretation of the 
action may be ;ipplicd also to the electrical heating. 

The concentration of the product depends also upon the 
proportion of the quantities in whicn the reacting substances 
are employed; as Schbnherr calculates, a mixture of equal 
volumes of N and O would yield 20 per cent, more NO than 
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4 vol. N + I vol. 0, i.e,^ atmospheric air ; but up to Mie present 
the employment of mixtures containing sucl^ an excess of 
oxygen wyuld cost too much. 

After referring to the unsuccessful atte^mpts of the 
Atmospheric Products Co. {supra^ p. 216) and many other 
inventors, and to the success attained by Birkeland and Hyde’s 
magnetic furnace [supra, p. 232), Schonherr , speaks of the work 
done at the Ludwigshafen factory, on the encouragement given 
by Dr von Brunck, a little before 1900. In 1905, Schonherr 
succeeded in finding a method for the combustion of nitrogen, 
still simpler than the magnetic furnace, and he wa.i assisted in 
working it oi;t by llessberger. Whereas up to then it was 
considered advantageous to produce 'a series of very rapidly 
moving light-arcs (as in the Birkeland-Eyde furnace), the 
process of the Badischc [i.e. Scho.iherr’s) employs a very 
quietly .burning stable light-arc of very high current density. , 
This light-arc is of a peculiar kind. Schonherr had observed 
that it is c^uite impo.ssible to make large quantities of air 
traverse tlirough-^d. light-arc, as attempted by many inventors. 

In this case only a very small quantity of air gets into the area 
of electric discharges, and very small concentrations are obtained. 
High concentrations are obtained by carrying the air close to 
a quietly burning light-arc. But this is not so easy as it seems,, 
for a freely burning light-arc of some length is extinguished 
very easily, and this happens all the* more as very great 
velocities of air must be emplbyed in order to utilise the 
energy. Moreover, the pulsations of the* alternating current 
(and no other currents can be thought of nowadays), its swelling 
from zero to a maximum, its revcr.doii and flowing in, the 
opposite direction, cause such. violent disturbances in a regulated 
supply of aiV that it would appear .impossible to resolve that 
task satisfactorily. But this can be brought about after all by 
carrying the air along the light-arc not in a straight line, but 
in a screw-motion. The alternating-current arc then burns as 
quietly as a candle, and can be enclosed ip a "^Dretty narrow 
tube without touching i*js walls. In practfee the factory 
employs exclusively light-arcs, burning in tfie centre of a 
vortex. In the interior’^ of the tube, insulated from this, an 
electrode is placed, air is passed through in whirling motion, • 
and the inflammation is caased by meaps of j very narrow 
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place in the tube, which causes the circuit to be closed by 
itself in that ^spot. As soon as this is clone, the air-current 
driven on the short light-arc, primarily formed, and the result 
is a long light-arc, burning quietly in the centre of the tube, 
up to the point where the gases have become hot enough to 
be sufficiently conductive. An inductive resistance, placed 
before the light-arc, causes such a diminution of the tension 
during the burning of the arc that no further transit takes 
place in the above-mentioned narrow spot. If the arc is 
e>;tinguished from any cause whatever, the relighting takes 
place automatically. 

A great many other methods have been tried for lighting 
the arc, which vve shall pass over here. 

The whirling movement of the air is most easily produced 
by introducing the air tangentially into the pipe. This takes 
place in the recent form of the apparatus by means of eight 
openings, lying in a‘ plane, bored tangentially. Several series 
of these are made, one over the other, and an adjustable slide 
permits making the light-arc more or less lo‘ng, so as to work 
it with very different (luantitics of energy, and to keep up the 
same length of flame and approximately the same concentration 
of nitrogen oxides. 

As the Ludwigshafen arrangements permitted working 
only one furnace with 300 kw., a factory was built at 
Kristiansand, in Noiway, and started in 1907, for experi- 
mental purposes,, where I 30 c 5 kw. are at disposal, and three 
furnaces at 500 h.p. ‘each can be worked. Future furnaces will 
be made witl/^iooo h.p. each, and probably this can be driven 
to 2000 h.p. Fig. 47 gives a schematic* drawing of the present 
furnaces. We see in the centre the insulated electrode, con- 
sisting of a strong bo'dy of copper, cooled by water. It is 
perforated, and in the perforation there is a movable iron rod 
E, forming the electrode proper, from which the light-arc starts. 
This rod alone is subject to wear and tear. Under fhe heat of 
the light-arc a k^yer of fused Fe^O^ is formed at its surface 
which evapora^s slowly. In proportion as this takes place, 
the iron rod is moved /orward. The cost of renewing the 
electrodes is extremely small, only a few pfennige per kilo- 
watt and year, and a new rod is put in by simply screwing it 
on to the old one, in about fifteen minutes. The cooled copper 
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body is so far removed from ^^icr ouUet 
the iron rod that the current * 

cannot pr«s over. The start- 
ing of the light-arc is brought 
about by rod Z, which can be 
moved up to the electrode. • 

The window G, near the bottom 
of the furnace, makes the start- 
ing-point of the light-arc visible, 
so that the electrode can be 
moved on in the proper inter- 
vals of time. This might be 
done automatically by mechani- 



cal means. 

The light-arc in the Kristian- 
sand 600 h.p. furnaces is about 
5 m. lung, that in the lopo h.p. 
furnaces, wl^'ch are worked with 
a higher tensidh, 7 m. The 
surrounding pipe is an iron pipe 
which the light-arc touches only 
for a moment on being started, 
and its durability is unlimited. 
Its upper part is formed as a 
cooler, and the light-arc, by 
means of the regulating-slide,* 
is driven up to this point, 
which can be observed by two . 
windows, G^, in tht ^ upper 
part of the furnace. It is s«en 
there that tfie upper end of the 
light-arc continually changes its 
place, so that it touches a com- 
paratively liirge prface of the 
cooler. Therefore the cooler is 
not subject to much, wca? and 
tear; after four months’ work 

p 

hardly anything of this kind 
could be observed ; it can also 
be easily renewed. • 



• Fig. 47. 
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Aft^r passing through the cooler, the gases descend in a 
brick-lined cha^iuiel surrounding the inner part of the furnace ; 
they go to a cohiinon flue and from this into the steam-boiler 
which serves as further cooler, and the steam from which serves 
for concentrating the liquors produced in the process. On 
descending in the furnace they give up part of their heat to 
the pipe by which the flesh air is supplied to the furnace. The 
drawing shows how this air first rises upwards and receives heat 
from the outgoing hot gases ; it turns round within the cooler, 
passing the innermost pipe which encloses the light-arc, and is 
thus further' heated, so that it arrives sufficiently hot through 
the afore-mentioned tangential borings in the flame-pipe itself. 

The vertical arrangement of the flame is not essential ; it 
may also burn horizontally. The air may also be sent through 
from the top downwards;* and if the pipe is short enough and 
open at the opposite end, an enormously hoti blast-flame is 
formed of strongly oxidising properties. Such an arrangement 
can be used for oxidising or reducing fusions, according to the 
nature of .the gas employed. In this case the charge and the 
fusion vessel itself serve as second electrode. 

Several other modifications are described in Schdnherr’s 
paper. lie states that the duty factor of their light-arcs is 
0-92 to 0*96; the long time of contact, which has been found 
fault with by some critics, just fiivours the utilisation of the 
energy expended. Still, of the total energy spent upon the 
light-arc, only about 3 per ceiit. are actually expended in the 
formation of NO; but apart from this a large quantity of 
highly heated ?.ir is obtained, of which certainly only a small 
propprtion is utilised for other puri)oses. The preheating of 
the air in iron tubes cannot very •well be driven beyond 500^ 
Of the total heat brought un by the light-arc, 40' per cent, is 
recovered in the shape of hot water, 17 per cent, is lost by radia- 
tion, 30 per cent, is utilised in the steam-boiler, and another 
10 per cent, must be taken out of the gases by codling with 
water after leavii^g the boiler, so that only 3 per cent, arc 
utilised for the lormation of nitric oxide. The heat going out 
in the shape of hot water and steam might be utilised for other 
purposes; the steam is used for boiling down the liquor, so 
that the factory requires no other sources of heat except the 
electric energy. 
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We have seen that, alter the heating of the air„there must 

be a sudden cooling. This need not ,bc carried further than 
down to ^200^' to 1500°; the velocity of decoiffposition of NO 
is then small enough to allow of taking out the remaining heat 
without any loss of nitric oxide. The gases in* fact leave the 
flame-pipe at 1200', and on entering the common gas flue 
they are at 850". When the temperatufe has gone down below 
600°, the colourless NO combines with more O, from the air 
presenTin excess, and yields brown-red gaseous nitric peroxide, 
NOg. , This oxidation is only perfect below 140'' and takes .som^^ 
time. A gas mixture containing 2 pcr‘ccnt. NO, cooled down 
to 20'’, requires twelve seconds for the oxidation of 50 per 
cent, or one hundred .seconds for the.oxidation of 90 per cent 
of the NO present. The utilisation of this nitric peroxide is 
not quite a simple matter. Alkaline? liquids, like solutions of 
sodium^ carbonate or milk of lime, absorb it with formation of 
equal parts of nitrate atd nitrite, and these mixtures can be 
used dircctl^^ for manurial [)iirpose.s. The former statements as 
to the alleged noxious effect of nitrites on plants^ Jiave been 
entirely refuted by the investigations of Lepe), Scrfldsing, and 
Wagner, which have proved beyond any doubt the equivalence 
of nitrous with nitric nitrogen for the plants. 

The application of soda solution is out of the question on 
account of the cost, and that of milk of lime is connected with 
difficulties, as ordinary flu.shing towers c*'e quickly stopped up. 
These difficulties have now been overcome, and the nitrite of 
lime obtained contains l8 per cent, nitrogdn, against only 15. 
per cent, in Chilian nitrate of ^soda, and 13 per cent, in the 
Norge .saltpetre, brought into the trade ^rom Notodden.^ For 
that matter, the nitrite rnight be easily converted into nitrate, 
if required. \ • 

At Notodden (Birkeland and Eyde’s process) most of the 
absorption takes place by means of water ; thus free nitric and 
nitrous acid are formed. The latter decomposes into HNO3 
and NO, which goes out with the air and is^agtlin oxfdi.sed to 
NO.^, and must be treated ^s before. The last^ portions of NO 
are in that factory ab.sorbecf in so#a solution *and yield pure 
sodium nitrite, for which^thcre is a sale in the manufacture of 
azo-dyes. If it is washed, the whole of the NO produced may, 
be converted into sodium nitwite by the Badisclfe Ger. P. 188 188, 
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which is* carried out at Kristiausand. * But the market for this 
product is limited. ^ 

The oxidatiJrJi of the NO and the absorption of the higher 
nitrogen oxides requires large spaces, and special arrangements 
are mad« for this purpose, such as the interposing of oxidising 
spaces in which the gases remain for some time {indc infra). 
The absorption by sulphuric acid, with formation of nitric and 
nitroso-sulphuric acid, is easy, but the utilisation of this product 
is not quite easy outside of sulphuric acid works. Other methods 
proposed are also not fit for a very large production, and there 
is still room Tor improvements in that field. 

In conclusion, Schonherr mentions the various projects 
for further e.stablishment,s, to be founded in various parts of 
Norway by the j^adischc Anilin- und Sorlafabrik, assf)cialed 
for that purp(xse with the Elberfelder Farbenfabrik, the 
A, G. for Anilinfabrikation, Jkrlin, and the Norsk IT)'dro- 
electrisk Kvaelstofkompagni. Upwards of 400,000 h.p. in 
the shape of water-power has been secured for that purpose. 
In Germany as well the Badische will carryout their process 
by means *0f 50,000 electric h.p., obtained from the water of 
the Alz, the outlet of the Chiem.see.’ 

Bernthsen (Joe. r//., p. 1174) points out that the concentration 
of NO in the Badi.schc (i.c. Schonherr’s) apparatus is == 2 per 
cent, i.e., from one and a half to two times as great as in the 
Birkeland-Eydc appar^'.tii.s. 

The patents of the Badische Anilin- und Sodafabrik are as 
.follows: — . 

A. For prcdjiicing light-arcs. 

B. Ps. 568S and 26602 of 1904; 14955 *9^5 ; 9279 of 

1906; 20406 of 1908; 10465 and :^oi29 of 1909. Ger. Ps. 

1 6860 1 ; 201279; 204997; ;2 1 2051 ; 212501; 212868; 219494; 
223586; 227012; 229292; Ger. P. appl. B54700. Fr. P.s. 
357358; 410710; 418892; 396375. Amer. Ps. (of Schonherr 
and Hessberger) 991 174 ; 1003279. 

B. For ab.sorption of nitrogen oxide.s. 

B. Ps. 10465*^ 10867, 1*274, andf 20502 of 1909. Ger. Ps. 
188188; 210167; 212868; 220539; 229780; 223026; 223556; 

* In June 191 1 the newspapers report that, owin^ to difficulties which 
have arisen about the water-power of the Alz, the Badische had given up 
their project of ei;ecting a fiictory there. 
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232926; 233586; 233721?; 233567; 233982; 237562;. 23^369. 
Fr. Fs. 363643 ; 411574; 412788; 3987^8. Amcr. P. 991356. 

Apart from their share in the Notodden \^rks (Birkeland 
and Eyde’s process), the Badische are makin^^ installatihns at 
Vernork, near Saaheim in Telemarken, where the Rjukan falls 
yield 195,500 h.p., and an annyal production of So, 000 tons 
nitre, of* a value of 13,000,000 marks js expected. The same 
concern is building a factory in Norway, utifising the falls of the 
Tya River, of about 70,000 h.p. 

Utilisation of the Nitrons Vapours obtained bv the , - ' 
Oxidation of Atmospheric Nitrooen. * 

The conversion of the very dilute nitrous gases, obtained by 
the above-dcscribcd procc.s.ses, into marketable products is not 
quite an easy matter. Several final products ran be obtained 
therefrom, such as free nitric acid, or nitrates, or nitrites; and 
even ifquid ni?rogcn pei;oxide has been rpade from them. The* 
demand for the latter will hardly ever be considerable ; nor is 
there anyThanep of greatly increasing that of sodiym nitrite, of 
which a few thousand tons per annum arc consu'?ied for the 
manufacture of azo-colours. The consumption of nitric acid is 
far more considerable, but the expense of the glass carboys or 
other means of transporting that acid prevents its manufacture 
on a very large scale, more particularly as nearly all of that add 
is consumed at places very far distan^ from those where the 
abundance of water-power admits of the manufacture of nitrogen 
oxides from air. On the other hand,^ the consumption of 
nitrates for agricultural purposes is practically, unlimited, and 
as these are easily and cheaply carricc> Jo an)’*(listancc by land 
or by water, the principal task will always be that of ulthnatcly 
fixing the atmospheric nitrogen ia tins shape, although in the 
first instance the production of nitric acid as an intermediate 
product mu.st take place. 

Among the nitrates, that of calcium takes a prominent part 
in the industry l^ere described, as, on the one Jiand, k is much 
cheaper to make than soclium nitrate, and,*o/i the other hand, 
its value for agricultural purposes is qujte as great, and that for 
chemical manufacturcsf e.p^. that of nitric acid and indirectly 
that of explosives, nearly as great as the value of sodium nitrate., 
The general principle to pc followed here, has been several 
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timek tquched upon in the precL-ding ^lescriptions. In the first 
instance the atmospheric nitrogen is always converted into nitric 
oxide, NO, and\;his, as well known, very easily passes over into 
peroxide, NO^ or N.^Oj. If the gases are brought into contact 
with water in cowers or similar apparatus, the nitric peroxide 
yields equal molecules of nitric and nitrous acid ; the latter 
quickly decomposes intg nitric acid and NO, and this is carried 
back into the process, so that ultimately the whole of the 
nitrogen oxides is converted into nitric acid, which is always 
dilute, say 40 per cent. IINO.^. This dilute nitric acid is either 
coitcentratcdi for sale a.s^ strong acid, or, on account of the afore- 
said difficulties, it is more frequently converted into calcium 
nitrate by means of linjestone. That nitrate can also be 
obtained in the dry way by passing the gases over quicklime ; 
or, according to the patents of the Badische Co,, in the wet way 
by direct absorption of the gases in milk of lime.^ The calcium 
nitrate thus obtained now forms an important article of trade, 
usually under the name of Norge salipetre (Norwegian nitre), 
see p. 238. « 

We havi- had frequent occasion to refer to the treatment of 
the lower nitrogen oxides for commercial products in the above 
given descriptions of various processes for oxidising atmospheric 
nitrogen, and we shall now enumerate the more recent processes 
Worked out in that line, partially not yet mentioned before. In 
that respect, cf. also thq processes employed for the treatment 
of the lower nitrogen oxides ii-u the manufacture of nitric acid 
by the ordinary methpds, supray pp. 182 et seq. 

The Badische Anilin- und wSodafabrik has taken out a number 
of patents for dealing \v^hh the dilute nitrous gases in various 
ways. * 

B. P. 10867 of 1909 and Ger. P, 310167 of the Betdische Co. 
describes the manufacture of commercially pure nitrates by 
adding limited quantities of aqueous vapour to the gaseous 
mixtures produced by the electric arc flame from air, by passing 
these gases ovei; the solid oxides, hydroxides br carbonates of 
the alkaline eartl? fnctals, while maintaining these at such a 
temperature that 'all the. water set free remains in the state of 
vapour. This produces practically putA‘ nitrate. If magnesia 
is employed as the absorbing agent, the addition of steam or 
water to the gases* can be dispensechwith, as magnesium nitrate 
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is stable at a temperature At which magnesiiinu ni*trite 
splits up. 

The same firm (B. P. 10465 of 1909) absorba/he nitrous acid 
from the gaseous mixture by introducing into it milk of lifne, or 
other suitable bases, in the state o. fine division, by means 
of a spray. 

Their.Ger. P. 229780 prescribes the, application of a spray- 
producer, worked by a compressed gas issuing from a narrow 
orifice, which is in the centre of the tube conveying the liquid to 
be converted into a spray, for removing nitrous acid from its 
solutions. , . • 

Their Ger.^l*. 231805 describes the preparation of nitrogen 
peroxide, free from nitric acid, by dryi^ig washed NO by means 
of concentrated sulphuric acid, and combining it with dry 
oxygen or air. 

The^same firm (Fr. P. 412788* and Ger. P. appl P52866) 
absorbs* nitrous gases by means of fiiicly divided ba.ses, 
suspended in water, and, i*n order to observe the reaction, glass 
windows arT' plagcd in suitable places of the apparatus; by 
means of a door in the side the atomiser can be Cleared of 
obstructions without stopping the working of the apparatus. 

According to Ger, P. 232926, that firm absorbs nitrogen 
oxides, whether pure or mixed with air, etc., by the oxide, 
hydroxide, or carbonate of magnesium, at a temperature at* 
which no nitrite, but only nitrate of magnesium is formed. 

Their Ger. P. 233729 precipitates the fogs occurring in 
nitrous gases by passing them between a .^aVking and a non- 
sparking electrode, the latter being formed by tjie walls of a 
cylindrical vessel, in which the sparks are produced by pointed 
electrodes. ' 

Their Gee. P. 233967 describes the siyjpiy of basic agents for 
the absorption of nitrous gases without the application of 
towers, in the shape of drops, which avoids the trouble caused 
by the formation of sludge. Ger. P. 233982 protects for that 
purpose the * applitation of spray-producers, in^ which the 
liquid is introduced tangentially at the basis,* that basis being 
formed of glass or other transparent majterial. • In this way a 
whirling motion is prod&ced, visible* through the glass as a 
point or di.se; any irregularity of work is recognised by the 
enlargement or diminution of that dark di.se. • Their Ger. Ps. 
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,-^nd 238368 describe prfccesse^ for producing continuous 
long light-arcs. 

Their Ger. 238369, Fr. P. 398738, converts alkaline-earth 
nitrites into nitrates by treating them at 300' with the higher 
oxides of nitrcfgcn in the presence of air; NO is also produced, 
which acts as a carrier of oxygpn to a further quantity of nitrite. 

The same firm (Ampr. P. 991356) makes nitrate awd nitrite 
of sodium by passing nitrous gases through a scries of lowers, 
passing a 20 per cent, sodium carbonate solution in the oppo- 
^site direction through part of the series, separating the nitrite 
Mm the solution that ‘has traversed this part of the series, and 
separating the nitrate from the residual solution^ after passing 
it through the remainder, of the series. 

Among all metals, only iron, aluminium, and chromium 
produce nitrates, which on heating with water give off nitric 
acid without any products of decomposition of this acid. When 
heated at ordinary pKessures, nitric ackl begins to distil over at 
1 15-125"; and by gradually heating i‘ip to 145", so much of it 
distils off that basic nitrates of the desired composition remain. 
When heJiing in a vacuum, r.o-. of 20 mm., the distillation of 
nitric acid begins at 55-60^ and is finished at 75-80". 

The same firm’s Ger. P. 243892 shows how concentrated 
vapours of N.p.j can be obtained by treating the liquors, pro- 
educed according to the preceding patent, by the products of 
absorbing the dilute pitrous gases in caustic alkali or alkaline 
earths in the well-known mamicr. Thereby pure alkaline or 
earthy-alkaline nik^^es are formed, together with the hydroxides 
of iron, aluminium, or chromium, which arc used over again, 
as above de.scribcd.' , * 

Ger. P. 242288 of the Badische describes the preparation 
of pure nitrogen pcro.^ide*from gases containing^ but little of 
it, by compressing them to 6 atm., taking the heat of com- 
pression away and allowing the gases to expand adiabatically, 
whereby such cooling is effected that the higher nitrogen oxides 
.separate in s^lid shape. For this, temperatures 6f about So'’ 
are sufficient. The energy produce^ by the expansion may be 
utilised for doing work; also the*cold produced by the expan- 
sion for cooling the compressed gasbs, or by dehydrating the 
original gaseous mixture. 

The P'arben/aberkcn vorm. Player (Ger. P. 228426 ; Fr. P. 
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423760) separate nitrogen oxide^s from gaseous mixtures* by 
absorbing them in wood-charcoal, and recovers them" from this 
in a concentrated form by treatment with dr^ high-pressure 
steam, hot air, or an indifferent gas. 

Schlarb (Fr. P. 422751 ; Amer. P. appl. 2427 'of 191.1 ; Ger. 
P. 273839) absorbs nitrous gase:;j of any degree of concentra- 
tion and composition by mixtures of wa^er with oxides of iron, 
aluminium, or chromium, if necessary with 'addition of alkali, 
alkaline earths, or magnesia. From these liquors nitric acid is 
obtained by heating, preferably in a vacuum or under dimin- 
ished pressure. The basic constituents remain behind, aficT 
can be used oyer again after removing the nitrates formed. It 
is stated that by this means nitric acid.of 50 to 80 per cent, can 
be obtained. 

The Soc. Le Nitrogene (Fr. P.^ 42^022) introduces into the 
ga.scs containii]^ nitrogen oxides a small quantity of a solvent, 
which freezes below 50°, boils above 50'’, and is capable of dis- 
solving without attacking it, like carbon tetrachloride, 

chloroform, or pc^itachlorethane, or mixtures of thsse, brought 
into the refrigerating portion of an apparatus in whi?li nitrogen 
oxides are prc[)arcd by igneous synthesis from N and O. 
These .solvents maintain the continued efficacy of refrigeration, 
as they dissolve the and prevent this from forming a non- 
conducting crust on the outside of the cooling apparatus. Th^ 
addition of powdered animal charcoal to^the gases before cool- 
ing renders the condensation and solution of possible at a 
higher temperature than when such additi^^’/ris not made. The 
Fr. P. 421313 of the same firm j^rescribes depriving the gases 
before refrigeration from moisture and before compressing 
and washing out the apparatus after refrigeration with a sTMvent 
like those iflentioned in the last i^teyt. Their P'r. P. 424598 
states that concentrated nitric acid can be obtained by treating 
a molecular mixture of and H^O with oxygen under 

pressure, ’or by charcoal .soaked with a peroxide. 

Baron ^?'ietin§hoff-Scheel (Ger. P. 225706) states 'that the 
reaction between NO.^, 0,^nd 1 1.^0 is essenfipjly promoted by 
high pressui'e, and that in this way more highly concentrated 
nitric acid can be obtained than by fliishing towers, etc. 

Sir W. Ramsay (B. P. 26981 of 1907), to increase the 
efficiency of absorption of ^the nitrogen oxides, liquefies the 
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mixed gases, attcr cooling therti by the gaseous products of the 
liquefying apparatus ; by fractional liquefaction the oxides of 
nitrogen can U' separated; or else the liquefied product is 
subjected to evaporation and rectification, to concentrate the 
oxides of nitrbgen. 

The Elcktrochemische Werke (B. P. 9233 of 1908; Ger. P. 
199561) pass the mixture of air and through a drum 

rotating at high speed, cooling the gases either before entering 
the drum or in the drum itself. The gases ought to come 
^entirely into contact with the walls of the drum. The mist of 
water and condensed* N.3O4 is forced by centrifugal action 
against the wall of the drum, from which the liquid is continu- 
ously drawn off A little steam may be mixed with the gases 
before entering the drum. 

Another process of the Klektrochemischc Werke (Ger. P. 
212423; Fr. P. 411693) consists in taking the rjitrogen oxides 
out by weakly basic o'xides, such as those of Zn, Cu, Mg, or J^b, 
or the rare earths, and expelling it from these compounds in 
the shape df concentrated nitric acid by well known methods. 
If the powdered oxides are agitated during the passage of the 
gases, the absorption goes on very quickly, completely, and up 
to the formation of neutral salts. These are gradually heated 
in iron retorts, where the absorbed nitrogen oxides are given 
out as NO3. This may be condensed and sold as liquid N3O4, 
or oxidised into HNO^Gn appropriate water-fed towers. 

The General Electric Co. (Amer. P. 921975) pass a mixture 
of nitric oxide and ki*- over a weak basic oxide, and decompose 
the product by ^heating under reduced pressure ; the liberated 
gas is absorbed by water and yields commercial nitric acid. 

Bideau (Fr. P. 396299) prepare^ nitrosulphuric acid by con- 
ducting nitrous vapour.v, means of a fan, inTo cast-iron 
vessels containing sulphuric acid, P'or the preparation of dilute 
nitric acid the apparatus is constructed of stoneware. 

The Allgemeine Elektrizitats-Ges, (B. P. 8426 'of 1908) 
absorb the oxides of nitrogen by weak bases, s\ich as oxides of 
Zn, Cu, or Pb ; the mixture of nitratevand nitrite thus obtained 
is afterwards decompo 5 ?ed by heatifig, if desired under reduced 
pressure, with evolution of pure nitrogen peroxide. 

^ The Norsk Hydro-Elektrisk Kvaelstof A.S. (Ger. P. 206949 ; 
Birkeland’s B. P.* 256^32 of ipoyjt'absorb the nitrous fumes, 
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obtained by the electrical oxidation of atmospheric njtrogen,by 
calcium cyanamide, thus obtaining a mi;>:ture of ammonium and 
calcium nijratc, valuable as a fertiliser. The ritrous fumes are 
readily and completely absorbed in this way. 

Ostwald (Ger. P. 207154) prescribes nickel steel for the con- 
struction of all parts of apparatus^coming into contact with hot 
nitrogen t)xides, but care must be taken to^ prevent any con- 
densation of these gases. 

Pergius (Ger. P. appl. B53617) mixes the ga.ses produced 
in the light-arc, containing about 2 per cent. NO.^, with Jgk 
and IP^O, and compresses the rnixtuVe to about 25 atm., 
whereupon it is pa.ssed through a heated reaction-space 
in which the formation of IINO3 takes place, the pressure 
preventing the decomposition otherwise produced by the heat. 

The Swedish Nitric Syndicate. (Austr. P. 43740) effects the 
concentration ^^f electrically produced nitric acid in two stages, 
the first by contact with hot air, the second by distillation of the 
partially concentrated nitric acid with sulphuric acid, utilising 
the heat of the same ga.seous current. 

Brunet, Badin, and the Compagnie dcs Produits chimiques 
d’Alais et de la Camargue ((ler. P. 237796) describe horn- 
shaped electrodes for the production of nitrogen oxides by the 
electric arc. 

'Moscjcki (Ger. V. 236882) and ]£llis (Anier. P. 1007683) also 
describe arrangements for this purpo.se. 

Sparrl (Amer. P. 1008383) converts nitrogen j)rotoxidc in 
solutions into NO by passing it through a difiphragm apparatus . 
with high anodic and low cathodic current-dcnsij:fes 

R. Prank and the Siemens and HalsW Co. (Ger. P. 246615) 
utilise the dilute nitrogen oxjdes, produced by the electric arc, 
which cannot be easily and cheaply^transformcd into dry salts, 
by bringing them with complete exclusion of moisture into 
contact with the halogen-hydrogen acids, or the vapours of 
these. P'tirther patents in this line: Farbwerke Ilochst (Ger. 

P, 244362); 'Koch’(Fr. r. 435733). , * 

• 

. Nitric Acid^from Ammonia. • 

Theoretical investigatmns on the oxidation of ammonia or 
ammonium salts to nitric acid which, of course, has been known. * 
to occur for a long time, and^hich Has b^en c^j^ecially studied 
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by Schonhein during the years* 1845 to 1867, have been recently 
made by the following ^.uthors. 

Kempf Ber.y 1905, xxxviii. p. 3966). ^ 

Traube and Biltz (ibid.^ 1906, xxxix. p. 166) proved the 
anodic oxidation of NH.j in solutions of fixed alkalis or car- 
bonates by means of copper ^salts. At ordinary temperatures 
nitrites are formed almost quantitatively, and only ‘when the 
solution contains much nitrite, this is partly oxidised to nitrate. 

Miiller and Spitzer {^Z. ElcctrocJiem.^ xi. p. 917) found that 
.the anodic oxidation ofNH.jin alkaline solutions goes on up 
to nitrate ctnly when anodes of platinum or cobalt are used ; 
otherwise only nitrites and free nitrogen are formed. The 
yield is increased by the addition of salts of copper, cobalt, or 
nickel, or by the use of anodes consisting of metallic oxides. 

Besson and Rosset {C oniptcs rend.^ cxlii. p. 633) examined 
the action of N.,04 upon NH.j. r 

Bockcr and Schrhidt {Bcrl. Ucr., 1906, p. 1366) studied the 
oxidation of NH.j by platinum asbestos, according to Ostwald’s 
process (s^f^ below), and came to the conclusion that this process 
cannot pay. 

Brochet and Boiteau (Z. angcix). CJiein., 1909, p. 1234) found 
ammonium nitrate as main product of the electrolytic treat- 
ment of NH.J by means of graphic electrodes. When employing 
platinum or iron electrodes, the phenomena were complicated. 
The oxidation of Nli.^ to MNO.^ requires great (luantities of 
current. 

Bourgerel Sda/E 1911, pp. 561-575; CPr///. Zdl. 

Rep.y I9*B p.r62i) discusses the preparation of aluminium 
nitride for the fixatioK of atmospheric nitrogen. He calculates 
the cost price of chemically active nitrogen at 177 frs. per 
kilogram, that is moro \\\\n that contained in thili sodium 
nitrate, which is only 1-50 frs. per kilogram (taking the price of 
Chili nitrate = 23 frs. per 100 kg.). The cost price of active 
nitrogen in the shape of electrolytically produced nitric acid he 
states = 0*91 fi^. p^r kilogram. 

Reinders and Cats {Chem. 6V;//r.^i9i2. i. p. 708) found that 
in a mixture of* NH3 and air, when [passing it ov6r catalysers, 
up to 80-90 per cent, could be oxidised into HNO^ and Nfiy 
The best temperature for this was 600° in the case of platinum, 
and 650-700'" 1*71 that ,of ferric oxidlr. 
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The following patents refer to the technical production of 
nitric acid, nitrates (or nitrites), from anamonia 

Stuart-J^ailey ( 13 . P. 19189 of 1905) maniractures sodium 
nitrate by oxidising NH^to ammonium nitrate or nitric acid, 
and treating the product with electrolytically made caustic soda. 

Nordyke and the Marmon Co. (Ger. P. 189472; J 3 . P. 1204 
of 1906) flescribe an apparatus for producing nitrogen oxides 
from Nn3 and air by electrical heating in a spiral platinum 
tube. 

Marston (B. P. 19074 of 1900) passes such mixtures ove^^ 
red-hot cop])cr, iron, or other oxidisable metals. ’ 

Kelcr and the P'arbenfabriken Bayer in Elberfcld ( 13 . P. 
18594 of 1903; Amcr. P. 763491; Ger. P. 168272) pass a 
mixture of air with 4 or 5 vol. per cent, of NU.j at temperatures 
of 600' to 750" over catalyscrs, consisting of the oxides of 
heavy i|ietals, (^specially ferric oxide, and absorb the product in 
alkaline solutions. In this way almost e.tclusivciy nitrites are 
formed. ^ 

The Chemische Fabrik Griesheim-Elektron (B.’^k 13954 of 
1907; Fr. P. 380884; Amcr. P. 971 149, etc.; Ger. P. appl. 

C 1 7336) employs for the production of nitric acid from 
ammonia a catalyser, consisting of quartz or newly-glazed 
porcelain, on which platinum is precipitated as a very thin filrn 
and heated up to sintering together with the underlying body. 
This prevents a loosening of the platinum surface, such as 
hapj)ens in ordinary cases duringlhe process and which causes a 
decrease in the efficiency of the contact suifaoc. This process, 
is in operation at Griesheiin. * 

Collett and Eckardtt(B. P, 10815 of 1909) prepare nitrate of 
lime from (electrically produced calcium) cyanamide in the 
following mai’mer. The nitrogen ofi:aloium cyanamide is trans- 
formed into ammonia by saponification, heating it with aqueous 
nitrate of lime. This ammonia is oxidised and transformed 
into nitric acid or nitrogen oxide.s. The novelty of the patent 
consists in the arrangement of the various^ stages, as all the 
steps are known. ^ »» * 

Kaiser ( 13 . P. 20325 of *1909; ^mer. P. 987375; Fr. P. 
419782) preheats the air to 300" to 400'' before mixing it with 
the ammonia, prior to passing it over a heated contact sub-« * 
stance, such as platinum wir(*gauzc (Ger. J[\ ap*pl^ K42005). 
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Th(f same inventor (Gcr. P. appl. K40923) carries the air, 
before mixing it with ammonia, over a heated contact substance 
(platinum, etc.),' or subjects it to electric discharges. . 

Very much work in this direction has been done by the 
celebrated Professor Ostwald, whose patents we shall now 
enumerate. Iji Berg- u. HuMcnni. BimdscJiau, 1906, p. 71, he 
states as a principal 'condition for his processes il definite 
velocity of the reacting gases and the employment of cathodes 
of platinum foils coated with spongy platinum. 

W. Ostwald (B. P.698 of 1902) passes ammonia, with more or 
less than it^' volume of atmospheric air, at a red-heat over smooth 
platinum, coated with a layer of spongy or bkick platinum. 
The smooth platinum causes the ammonia to be burnt into 
nitric acid, with practically no formation of free nitrogen. The 
finely divided platinum accelerates both reactions, the second 
one more than the first. By moderate use of th? finely divided 
platinum with the siYiooth platinum. The operation can be so 
performed that the reaction takes place rapidly, Jnit without 
any great, Ibrmation of free nitrogen. The same effect is pro- 
duced by iridium, rhodium, palladium, the peroxides of lead 
and manganese, the oxides of silver, copper, iron, chromium, 
nickel, and cobalt. Later on Ostwald (Addition, dated 9th 
April 1902, to Fr. P. 317544; cf, B. Ps. 698 and 8300 of 1902) 
gives the following additional prescriptions. The air must be in 
considerable excess, tlte temperature of the reaction must exceed 
300" C. ; the pass^ige of the gaseous mixture must be as rapid 
, as possible, and thu gases are previously heated by the hot 
gases coming'. away from the contact-mass. The apparatus 
consists of an open tube, charged at oirc end with the contact- 
material (platinum coated with platinum sponge), fixed air-tight 
in a cylinder with its open' end projecting. The*^cylinder has 
an aperture close to the exit end for admission of the gases, 
which thus pass along the sides of the tube before entering 
through the end containing the contact-material. The gases, 
strongly heatcM by the reaction, heat the tube on their passage 
onwards, such hfeat being in part taken up by the entering gases. 

Ostwald (Amer. f. 8.58904) produces nitric ^icid from a 
mixture of NHjj and air (or other source of oxygen) by means 
-of any contact substances, among which a combination of 
platinum foil, with , platinum sponge has the best action. 
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Gaseous mixtures containing very little NH^ can he ’worked 
up with advantage by gently heating, obut there should be at 
least as m^ich NH^ in proportion to oxygen a., correspoi^ds to 
the formula: 2NIl3+70 = 2 N 0 .> 4 - 3 FL, 0 . The velocity of the 
gaseous current must not be too small, lest free N be 'formed. 
The contact substance should bc»kept at a temperature above 
300" ; thi^ is produced in the first instance by heating with a 
flame or electrically, and later on by regulating the gaseous 
current. His B. P. 7909 of 1908 (Fr. P. 389059) prescribes 
arranging sheets of catalytic material parallel to one anoth^qfv 
so as to fill the entire cross section of the chamber ih which the 
reaction takea place. The plates and the spaces between them 
arc inclined to the axis of the chamber and in the direction of 
the entering gases. The plates are fixed in such manner that 
they make contact at very few points and thus minimise their 
resistan^re to the passage of the gases. 

Ad. Frank and Nic. Caro (Ger. P. 224329) prepare nitric 
acid from.J^H.j by the catalytic action of thorium oxide, or 
mixtures of this with the oxides of the other rare i^tals. By 
the intermediate formation of thorium nitrate a strong swelling 
of the mass is produced which leaves the contact mass in a 
porous, very active state, while the thorium sulphate, formed in 
the use of thorium oxide for the catalytic production oj 
sulphuric acid (B. P. 1385 of 1901), on heating yields a very 
dense, non-porous oxide. 

VVendrincr employs for the ^sarne purpose uranium or its 
salts as catalysers {Chon. Ind., 1911, p. 456). 

Montbaron and Ducommun-Mullcr (PY P. .^00895) fen^icnt 
ammoniacal liquor, obtsJined from peat, with addition of pitric 
acid, lime, and impure salt ; nitrification is brought about and 
the product is crystallised for use aj^^a manure. One ton of the 
product requires 320 kg. ammoniacal liquor, 300 lime, 300 salt, 
and 80 nitric acid. 

Stuart-Bjiiley (B. P. 19189 of 1905), starting from carbon- 
aceous matter containing nitrogen, subjects fhisTo destructive 
distillation, utilising 4he Nlly in the usual rnanner, and the 
combustible *gases for the production of electricity which he 
utilises for decomposing common salt. The NH.^ is passed 
with air or oxygen over heated platinum, to obtain nitric acid,:, 
and ultimately sodium and aihmonium nitrate. ' 

R 
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Sioragc and Carriage of Nitric Acid. 

S|:rong acid can be kept and treated in rast-iron or 

wrought-iron ^ or leaden vessels, but, of course, any dilution 
caused *by the moisture of air or otherwise will cause a violent 
action. Aluminium resists nitric acid even in a somewhat more 
dilute state. 

At the Griesheim Chemical Works a covered lead spout 
below the outlet of the nitric-acid store tank for the highly 
^ncentrated nitric acid takes this acid to the carboys. This 
spout is cofinectcd with an aspirator for the vapours, and turns 
round a bolt, fixed below its central port, so that the carboys 
can be easily and safely placed below. 

Tra^isportation of Nitric Acid. — Nitric acid is usually sent 
out in glass carboys or earthenware jars. Strong acid, when 
kept in tightly closed vessels, may give off a dangerous, amount 
of vapours, especially in the sunshine or under similar con- 
ditions. Guttmann recommends covering the carboys loosely 
with car^benwarc or glass cups fitting over the necks, also 
making the straw in which the carboys arc packed incom- 
bustible by dipping it in a solution of zinc chloride or nitre- 
cake [which will very quickly corrode it ; neutral sodium 
sulphate is decidedly preferable !], and to lime wash the top 
of the carboys exposed to sunlight ; also to store the carboys 
in an excavated cham^Oer, where a breakage will not cause much 
damage, as the place can be swamped with water. Some- 
times fires arc-catreed by nitric acid from a broken carboy 
inflaming th(:;.vstraw ; in which case the poisonous vapours 
are exceedingly dangerous to inhale {cf. Chapter VI.). 

The “ Mauser werk ” at Cologiw^-Ehrenfeld manufactures for 
nitric-acid carboys baskets, made of sheet-iron, witn a lining of 
asbestos felt. The latter affords a soft surface for the glass to 
touch ; the absence of any combustible (like straw) greatly 
diminishes the danger from fire, incident upon fhe breaking 
of the carboy? 

Another arrangement of this khid, patented by Adamson 
(Amer. P. 846541) will be described in Chapter V. 

The official rules for conveying nitric acid on the English 
-^railways, published in 1911 {Cheni, Trade xlviii. p. 568), state 
that nitric ac^d^or aquafortis may be packed {a) in stoneware 
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jars, protected by wickerwork ; (b) in bottles, packed in cases 
or boxes ; the interstices between the battles must be filled with 
kiesclguhr/ or with other material on which <he acid has no 
chemical action, not with sawdust, straw, or other like substance. 
Sulphuric acid, inflammable liquids, or other chemicals which 
• by contact with nitric acid might cause fire or explosion must 
not be lacked in the same case or box (^') nitric acid or 
aquafortis not exceeding 1-420 sp. gr. may be packed in glass 
carboys not exceeding 12 gall, in capacity. 

For conveying larger quantities of nitric acid, in .som4> 
places specially strong stoneware jars are employed, with 
inside fianges.for the purpose of strengthening 
the sides; the bottom is arched upwlirds for 
the same purpose, as shown in Fig. qcS. 

Mixtures of sulphuric and nitric acid, con- 
taining jip to 8€) per cent, of the latter, can be 
carried in iron vessels. * * 

Sometijnes nitric acid, in order to facilitate 
its transportation, is absorbed in kiesdguhr 
(infusorial earth), a plan first proposed by 
Vorstcr and Gruneberg (Ger. P. 24748) for Fig. 48. 
the carriage of sulphuric acid, especially by sea. 

If ale and Scott (J 1 Ps. 24379 and 25386 of 1910) recover 
nitric acid from its mixture with kicselguhr by distillation, 
preferably in a heated retort under Adduced })ressure, the 
mas ’ being mechanically stirred ^o as to keep it at a uniform 
temperature. 

Pii}iiping of Nitric Acid .— this purpose fitful Kestner, of 
Lille, has constructed special “ pulsometets ” entirely of ^tone- 
ware, one form of which is shown in Fig. 49 — exhibiting the 
cylinder A, ifie float 15 , the air-val\gi G, and the delivery-pipe 
D. All flanges arc made tight by thin sheet asbestos, the 
faces being ground and polished. The working of this “ pulso- 
meter ” is Exactly like that of the cast-iron pulsometer described 
in Chapter VI. * • 

Another automatic and continuous pulsonietcr has been 
constructed by Plath, ai^d is sold by fhe Vereinigte Thon- 
waarenwerke, Charlottenburg (P'ig. 50). It also consists 
entirely of stoneware, including the valves. The acid enters* 
through valve rr, the hollow 1)all of which is weighted so that 
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it just sinks in the liquid, and is therefore easily raised by the 
inflowing liquid. When the vessel is (ull, the .acid gets up to 
the other Vilve, the ball of which, b, is so light t^at it even^floats 
upon water. It is, of course, raised by the acid and shuts off 
the upper air- way c. The compressed air now enters through 
• d and forces the acid up into thd rising-main i\ and thus into 
the iippef store-tank. As soon as the ves.scj is empty, the ball 
b descends, being aided by the short column of liquid in c. 
The compressed air cannot now enter the vessel, and, as there 
is now no counter pressure, the ball a is again raised and the 
acid flows in from the lower tank, the air escapin|^ through c. 
Thi s ciction continues so long as there is acid in the lower store- 
tank ancl compressed air in d. Jkill'^ a and b arc accurately 
ground as usual for pumps, etc. A new model made by the 
same firm prevents any escape of ciimpressed air during the 
charging. • 

Schartler {Z, a}iQ;civ. Chcin., 1901, p. 72()) describes apparatus 
constructcil by O. Guttmann from stoneware for the purpose of 
raising acids, viz., first an injector for working with, steam or 
compressed air, and, secondly, a constantly acting acid-egg. 

Analysis of Nitric Acid. 

Nitric acid is frequently mcrel)’ tested by the hydrometer, 
but this is quite illusory, owing to the influence of the nitrogen 
peroxide (p. 137). When tested by Mtration it should be 
noticed that methyl-orange is dV'stroyed by nitrous add ; but 
this can be overcome by adding the indicator only towards . 
the end of the titration Chr^Aer I Ih, where^the indicators 
are more specially treated). When titrathig with caustic^soda, 
this indicates all acids: IINjO.., N., 0 , (which reacts™ lINO.jT 
IINO.J, ll.^wSOj, etc. At least a per'tnamganate titration should 
be made as well, in order to estimate No(\. 

The impurities contained in commercial nitric acid are as 
follows • — 'chlorine^ sulphuric acid, fixed rcNduc, iron : all found 
and estimated by well-known methods. Nitrops Hcid or nitroyen 
tetroxide is best estimr^jted \fy means of potassiuih permanganate, 
running the &cid from a l^urcfte into theXvarm diluted solution 
of permanganate, as will be described in the next chapter. 
(The influence of NOoII on the specific gravit}^ of nitric acid# 
has been noticed, supra, p. 1^7.) Iodine is recognised by boil- 



262 


RAW MATIJRIA’LS 

ing i CfC. in order to remove^the lower nitrogen oxides and 
to oxidise all iodine ii^to iodic acid, diluting with 5 c.c. pre- 
viously boiled ^atcr, and adding a few drops of a ^solution of 
potassium iodide and starch, made with water free from air. 
A blue colour ‘shows the presence of iodine in the original acid, 
according to the reaction 

1110.5 + 5KI + 2H0O " 1 - 61 . 

This test, according to Beckurts {^Fisi her' s J aJircsbcr.^ 1886, 
2^305), is much more delicate than the ordinary one of reducing 
the iodatc by zinc and*cxtracting the iodine set free by carbon 
bisulphide; but Beckiirts’s test would, of course, l/+id to serious 
errors unless a check tesbwas made with the iodide of potassium 
employed, which might itself contain some iodate. 

• • 

Protection ( 7 gainst Accidents cansed by Jhinics ^ 
of tVitric and Xitro?{s Acid. 

In Chapter VI. we shall treat of this subject in ^connection 
with Gay^Laissac and Glover towers. I will here only allude 
to the official rules published by the “ Bcrufsgenossenschaft fur 
chcmische Industrie,” Fischer's jahresber,, 1899, p. 41 1, the 
report by Duisberg, anycio. Chon., 1897, j). 492, and the 
i;ules published in the Dcntschc Rcithsanzclycr of 31st March 
1899 and 19th June 1903. 

Stdtistics. 

Statistics concerning nitric acid are very difficult to obtain. 
In the United ^)tatcs, v\ 1902, 27,890 tons nitric acid of various 
strengths were made; in 1905, 108, short tons; in 1909, 
69,000 tons as chief prodjj^ict, 9^00 tons as b):^)roduct, and 
55,500 tons for use in tlie factories themselves; besides 28,600 
tons of “mixed acids” (LI.S. Census Jhillctin). 

The United Kingdom exported in 1908, 5141 t,ons nitric 
acid ; in 1909,^5385 tons; in 1910, 3716 tons.* *' 
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T\[E rROPERTlHS AND ANALYSIS OF TIIF TIC Cl I N IC A LLV 
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Ses(^)UI()xide of Sulphur, SX)^. 

This substance, the anhyrlride of tliiosulphuric acid, is obtained 
by dissolving sulphur in fuming oil of vitriol. According to 
Witt (C//PW. -/W. div/Zsi'//, /uy'r,{/fs\tp. iiS), it is preferable to 
all otlipr agenis as a reducing agent (dissolved in sulphuric acid) 
in the manufacture of nAphtazarin and several other cases. 

Sulphur Dioxide, SO.^. (Sulphurous Anhyrlride.) 

Sul[)hur dioxide is at the ordinary temperature and pressure 
a colourless gas of suffocating smell, neither supporting com- 
bustion nor combustible itself directly. Even when greatly 
diluted with air it has a very injurious action upon plants atid 
animals {c/. further on, pp. 268 et scfj.). ^ 

Sulphur dioxide contains ^0-05 per cent, by weight of 
sulphur and 49*95 per cent, oxygen. Mohicular weight 64-06 
(0=i6). Its specific gravity has been foujid by various 
observers = 2-222 to 2-^47 (air-i); ciflgulatecf from the molec- 
ular weight = 2-2 1 36. A litre of the gas at o" C. and mm. 
pressure weighs 2-8608 g. Its c(ieffi(jient of dilatation is not 
exactly equal to that of air, but raflicr larger, especially at lower 
temperatures, namely for each C C., according to Amagat : — 


DcgreoB. 
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and 10 . 

0-504233 • 
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„ 20 . 

0-004005 

At 

. 50 

. . q-003846 

)) 
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M 

200 

0-003695 

M 

250^. 

0-003685 


•;C8 
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Ks specific heat, compared \tith its equal weight of water is 
= 0-1544; compared with its equal weight of air =0-3414. 
Mathias cxix. p. 404) gives it as bet\j^een ~2o" 

and 4-' i ^o"" C. : 

. 0*3 17x2 + 0*0003507/ + 0*000006762/-. 

The density of saturated vapour of SO^ (that is, ii^ contact 
with liquid SOJ at various temperatures (water of o‘ = i) is, 
according to Cailletet and Mathias {jComptes rotd., civ. p. 1 5 36) : — 


Gout. 


"Cent. 


At 7*3 

0-60624 

At 100-6 

0-0786 

„ i6-5 

0-00858 

V 123 

01340 

„ 24-7 

o-oi 12 

» 

0-1607 

), 37*5 

0-0 1 (I9 

„ 135 

0-1888 

n 45'4 

0-02 1 8 

M 144 

0-2195 

„ 58*2 . 

0-03 n? 

» ' 52*5 

0*3426 

„ 7^-7 

0-0464 

154-9 

. r 0-4017 

„ 91*0 

0-0626 

„ 156 

critical point. 


The heat of formation of i g.-mol. of S 0 „ (--64-06) from 
ordinary (rhSmbical) sulphur is = 7 1 ,oSo cal. (Thomsen ), or 69,260 
cal. (Bcrthelot). 

] 3 y moderate cooling sulphur dioxide can be condensed to a 
liquid, even without application of pressure. Liquid SO., is a 
C( 7 !ourlcss mobile fluid, of about the same refractive power as 
water, boiling at - io"^C. (Gibbs,/. Auier, Chciu, Soc., 1905, 
p. 851, found the boiling-point qf dry SO., at 760 mm. pressure 
equals- lo'^-op); bt>t on drawing it off at the ordinary tempera- 
ture from a reservoir it remains liquid for .some time, the 
evaporation coofing it ^l<swn below its .boiling-])oint. Its latent 
heat atro’ is 91-2, at 10’ S8-7, at 20" 84-7, at 30'' 80 5. 

Its vapour-tension is: — , 


At 0 


0 53 almosplierc overpressure 

„ 10 


'•26 

„ 20 


2-24 atmospheres „ 

,, 30 

- 

3*5 1 n 

» 40 ' 

— 

5*15 „ / 


The specific gravity of liquid suljhiur dioxide at various 
, temperatures has been accurately determined by A. Lange 
( /. auq-ezv. C/iew.,*]Sgg, p. 275) as Wlows : — 
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Teniporaturo. 

Specific gravity. 

1 

Temperature. 

# ' 

« 

specific gravity. 

t 

- 20° C. 

I -4846 

-|-20°C. 

^ 1-3831 

- 10 ' 

1-4601 

25” 

03695 

- 5 ” 

1-4476 

30“ 

03556 . 

0° 

04350 

35 " 

03441 

!- 5 " 

1-4223 

• 40" 

03264 

• 10° 

1-4095 

50" 

02957 

15 " 

1.3964 

60” 

• 02633 


lie found that absolutely anhydrous liquid sulphur dioxide 
does not act upon iron up to lOo'" C. Technical sulphur dioxide 
has a slight action, owing to the presence of a little water. The 
temperature at which this takes place increases with the purity 
of the acid, it is 70" in the case of acid containing 07 per 
cent. IIoO. Since liquid SO^ cannot /lissolvc more than i per 
cent. Writer, evtn the mo.st impure product cannot act on the 
iron ve.ssels in which it is* transported at ordinary temperatures. 
The mixture of ferrous sulphite and thiosulphates formed, more- 
over, acts as a protecting crust. In ice-machines w^^e^re SCX is 
the active agent, and where the temperature in the pumps may 
ri.se considerably, only absolutely anhydrous SO., should be 
employed. on this subject, also, Z. auf^C7v. Cheni.^ 

I)p. 300 and 595.) 

Zrodnifion. — Sulphur dioxide is produced by burning brim- 
stone, and by heating (roasting) many* metallic sulphides, in 
the pre.sencc of air ; by the actiofi of strong mineral acids, both 
on its own salts, the sulphites, and on the •thiosulphates and all, 
polythionic acids ; by heating sulphuric anhydririe with sulphur, 
or by heating oil of vitriol with brimst<fne, coal, organic sub- 
stances, or several metals ; strongly heating the vapour of 
sulphuric anhydride, or sulphuric acVl, wdth simultaneous forma- 
tion of oxygen and water respectively ; and by igniting many 
sulphates, whereby the sulphuric anhydride first liberated at 
once splits up into sulphur dioxide and oxygen. 

According to Scott, when sulphur dioxide (mtxed with CO.J 
is to be made by t\}c pi\)cess mostly used o^n the small or 
moderately small .scale, v^.., tliat of h^atihg sulphuric acid with 
charcoal, it is best to employ acid of 74 per cent. 80 ^= 165 ' Tw. 
If stronger acid be used, a portion of it is reduced to sulphur^ 
which may produce iron sulfihidc with tbc iron, of the appar- 
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atiis ; with weaker acid sulphuretted hydrogen is formed. In 
order to obtaiiii the gajj as pure as possible, the washing-water 
should be mix^^d with lead sulphate or coarscl|:-powdered 
charcoal. 

Thu,s sulp^nur dioxide is produced from sulphuric acid or 
anhydride in many ways by reductive processes. On the other 
hand, the sulphur dioxide passes over, even more easily, into 
sulphuric acid by oxidation processes ; and it is accordingly one 
of the most frequent and potent reducing agents. Under 
certain conditions, by the action of light, of the electric current, 
or of a very high temperature and j)rc.ssure combined, sulphur 
dioxide splits up into sulphur and sulphuric anhydride. In the 
presence of oxygen (for instance, that of atmospheric air), or of 
bodies easily parting with their oxygen (such as the higher 
oxides of nitrogen, of mapgiinesc, of lead), sulphuric acid or its 
salts are formed. A very important reaction U that pet ween 
SO., and sulphurcttod hydrogen, When completely dry 

the two gases do not seem to act upon* each other. lA'en in the 
presence of moisture no action takes place at temperatures 
above 400"' C. (E. Mulder). At the ordinar)’ temperature water 
and sulphur are produced, but at the same time also penta- 
thionic acid, according to the equation : 

580,4-5! I, S - S,pjl,4-4lE0 4-5S. 

This action occurs siinultaneously with the sim[)le reaction : 

|-2lI,S - 211.04- S,, 

one or the other of tlii.'se prevailing, aca^rrling to the proportion 
of the* two gases in the mixture. . 

Behaviour of SO., Water . — Sulphur did?:i(lc does not 

take up just i mol. of IL/) to form sulphurous acid proper, 
SO3H2, but under certain conditions it yields a solid compound 
with much more water (9, 1 1, or 15 IL/) to SO.,), vyhith has not 
yet been definitely investigated. Sulphur dioxide di.ssolves 
pretty freely in ’water ; and this solirtion/chaves in every way 
as if it contained the real^acid SO.,11.^; but constalitly, even at 
the ordinary temperature, the dioxide (SO.,) evaporates from it. 
jDne volume of water ab.sorbs, under 760 mm. pressure and at 
o", nearly 80 vol.^ SO^,. The coefftcient of absorption, according 
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to Bunsen and Schdnfeld, at te!nperatures ranging between o ' 
and 2o“, is • 

I 79.789 -2.6077/ + 0.029349/’; ^ 

at temperatures between 2r and 40'', 

75.182 - 2. 1 7 16/ +0.0 1 903 A 

The jaturated acid contains at o"’ 68-86 1 vols. of gaseous SO.,, 
and has a sp. gr. of 1-06091; at 10^ it contains 51-383 vols. 
gaseous SO.^, and has the sp. gr. 1-05472; at 20' , 36-206 vols. 
SOo, sp. gr. 1-02386. The absorbed gas does not escape on 
freezing; on boiling a long time it goes away, completel)/. 
Alcohol absorbs a much larger form of sulphur dioxide (at o" 
and 0-76 m. pressure, 338-62 vols. SO.,. 

From Bunsen and Schonfeld’s determinations Harpf {Chem, 
Zeit,, 1905, p. 136) calculated the following table (for normal 
atmosjdieric pressure) : — * * 
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» 
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p 

0 
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5 

57-5 
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ro 

56.6 
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13*93 

15 

47*3 
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43 * 5 ^^ 

1-042 

11.92 

20 

39’4 

II2-7 

30-21 

1-0239 

10-12 


A table, not very much deviating froili the above statements, 
of the solubility of sulphur dio^vide in wat(;r at 0-76 m. mer- 
curial pressure at different temperatures, ^’s given in Kopp and- 
jaJircshcv. for 1861, p. 54. * ** 

Giles and Shearer {^] Soc. Chem. 1885, p. 305) give the 
following table of the percentage of SO>, in solutions of various 
specific gravities : — • • 
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Another table, for the temperature I5'’C., is given by Scott 
{PhavDL Soc.J. end 'Frans. ^ xi. p. 217): — 


I’er cent. SO.,. 

« 

Specific i'raviLy. 

I’t-r cent. SO., 

- - - % 

Si)ccilic gravity. 

0-5 
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Much higher are the figures given by Pellet (/. Soc C/ieni. 
hid., 1902, p. 171):— , . 

Port<'nt SO^ in 100 IToO. 1. U. 3. 4. 0. 0. 

Sp. gr. at [5' to 17X4 1*0075 i*oi5 i*o,'225 i'03o 1-0375 *1-045. 

An apparatus for the production of aqueous soluti^)ns of sul- 
phurous ai^ii^l has been described by Ilolzhausel (Ger. P. 49194). 

In the presence of oxygen solutions of sulphurous acid are 
partly converted into sulphuric acid. 

Sa//s, — Sulphurous acid forms two series of salts (sulphites) 
— saturated or normal sulphites, S03M^ ; and acid sulphites, 
ST)3MH, isomorphous with the corresponding carbonates. 

Sulphur dioxide is absorbed by anhydrous barium oxide at 
200", better at 230" ; by strontium oxides at 230 , better at 290" ; 
in both cases the normal sulphite is formed. Calcium oxide 
forms at 400'' a>,hasic sulphite, which at 500' splits up 

into sulphate and sulphide. Magnesia absorbs SO^ very slowly 
at 326°, and slightly above this the .siilphate is farmed (Birnbaum 
and Wittich, Fn\, 1880, p. 6 /t). 

The reactions taking place between sulphur dioxide and the 
oxides and acids of nitrogen will be described in a later part of 
this chapter. ^ ‘ 

Injurious Action of Sulphurous Acid {Sulphur Dioxide) or 
Animal and Vegetable Orj^anisms. — Oga^a {Arch. f. Hygiene., 
1884, p. 223) found that o-p4 per cent^ SO., causes tlifficulty of 
breathing after a few hours; he could not take a single full 
lyeath in air containing 0-05 per cent. SO.,. It is an acute 
blood-poison. 



SUtPH^R DIOXIDE 269 

* i ' ♦ 

Lehmann (Z. angeiv, Chcm.^ *893, p. 612) showed that 
persons not habituated to sulphurous acid are vary little affected 
by 0-012 i JLT ml., but perceptibly so by 0-015 p^r ml. SOo.^ The 
presence of 0-030 per ml. after a few minutes causes strong 
irritation of the nasal membranes, sneezing, and slight coughing, 
which symptoms decrease afteii ten minutes. The employes 
and worltmen accustomed to it are but little affected by 0-037 
per ml. ; the sensibility to SO., seems to be lessened by habitu- 
ally respiring air containing it. 

Sulphur dioxide is also very injurious to vegetation, and is 
one of the chief constituents of the “noxious vapours” so much 
complained of in most manufacturing districts. It is true that 
these vapours contain other injurious ♦constituents, chiefly of an 
acid character, viz., sulphuric anhydride, hydrogen chloride, and 
sometimes even the acids of nitrogen, Disregarding the latter, 
and even hydrogen chloride, which will be treated of in the 
chapter devoted to that subject, we shall now enter upon a 
description of the effects produced by the ordinary “ acid 
smoke ” of metallurgical and similar works, whe^e^ SO.^, and 
generally also SO.^, are the principal compounds to be blamed 
for the injurious action exercised by the smoke. 

A detailed investigation of the influence of the noxious 
vapours at Freiberg, where very large and numerous smelting- 
works are situated, on vegetation and on the health of domestic 
animals has been made by Freytag (abstracted in Wagner’s 
fahn'sber., 1873, p. 180). The a«id, arsenic, and zinc vapours of 
the Freiberg smelting-works under favciurahlc circumstances^ 
even with the then existing condensing arrp!tgements, may 
injure the vegetation of the neighbounhood in the following 
way : at a sufficient conceiFi'^ition they are taken up l^y the 
leaves when Covered with dew; on*J.he*evaporation of the water 
the organs affected are corroded and reduced to the same state 
as that which they assume when vegetation ceases. This injury 
can always |pe proved both by the eye and by chemical analysis. 

A “ poisoning ” of the soil or of the whole pla»t is o’ut of the 
question. The sometimei entertained a.ssumpfion of an invisible 
injury done*to the vegetation by the smeking-works’ vapours and 
the awarding of damages founded thereon are unwarranted ; 
they contradict the fundamental principles of all exact investig^- ‘ 
tion and foster the desirc#of the* unrqason!ng multitude to 
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incessantly raise fresh claims for damage alleged to have been 
done by the woi^ks. A decrease of the nutritive value of food- 
plants, in cases pf visible injury done to the leaved, can only 
occur in consequence of the loss of these leaves and the lessened 
ability of the plants to decompose carbonic acid and produce 
organic matter therefrom. Any metallic oxides or .salts adher- 
ing to the leaves of food-plants may become dangeroUs to the 
animal organisation by causing inflammation of the mucous 
membranes, and, under very unfavourable circumstances, may 
produce death ; but this fact can always be established with 
certainty by post-))iorteni examination and by chemical analysi.s. 
The supposition that the “ acid disease ” and tuberculosis occur- 
ring in a particular neighbourhood among the cattle are produced 
by the noxious vapours from smelting-works is utterly unfounded 
and must be most emphatically contradicted. Freytag con- 
siders that air containing more than 0-003 vcl. per cent, of 
SO.^ will do injury to' vegetation. 

Schroedcr (Wagner’s 1874, p. 277) made, extensive 
experimepts on the influence especially of sulphur dioxide on 
vegetation, with the following principal results : — From air con- 
taining as little as of its volume of SO., this gas is taken up 
by the leaves of “ leafy ” (deciduous) trees and conifers; these 
retain it mostly, a smaller portion penetrating into the wood, 
the bark, and the leaf-stalk.s, either as such or after oxidation to 
sulphuric acid. Conifer.’ leaves absorb less sulphur dioxide from 
the air for an etpial surface of ieaves than deciduous trees ; the 
absorption takes place equally over the whole surface of the leaf, 
not by the stoiyata,and therefore has no relation to the number 
of the latter. A priiicipal effect of the injurious action of 
sulphur dioxide is its causing a check to the normal evaporation 
of water, the disturbance bc?fig in a direct ratio to the quantity 
of SO.2 ; the evaporation is mostly affected by absorption of SO^ 
in sunlight, at a high temperature and in dry air. The tran- 
spiration of conifers is not visibly lowered by the same quantity 
of sulphur dioxide as that which affects deciduous trees. The 
injury done by sulphur dioxide is greai:er if the absorption takes 
place at the lower than if at the upper side of the Ic'af. 

Other communications on this subject, partly contradicting 
* bhose of Schroedcr, have been made by Stockhart (Wagner’s 
jahresber.^ 1874, p. 228). According to his observations at 
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Zwickau, a distance of 630 m. \=6go yd.) protects even the 
most sensitive vegetation against the effect of krge volumes of 
vapours, if|thcy escape through chimneys noteless than 82 ft, 
high. Conifers are much more sensitive than deciduous trees; 
the decreasing scries of sensibility is — pine, pitch-pine^ Scotch 
» fir, larch, hawthorn, white beech, birch, fruit-trees, hazel-nut, 
horse-chofctnut, oak, red beech, ash, linden, maple, [)oplar, alder, 
mountain-ash. In the parts of plants corroded by sulphurous 
acid, not this acid, but sul|)huric acid can be found, and that to 
a larger extent than in the same parts of plants collected at the 
same time in districts free from smoke. ’ " 

Schroeder. and Schertel (Wagner’s Jahrcsbci.^ ^879, p, 234) 
found in healthy fir-leaves 0*162 too-237per cent, sulphuric acid 
(SOJ : damage was only done when the percentage ro.se above 
0-250; the highest found was 0*592 near Freiberg, 1*33 in the 
Oberharz. 

Other figures given 'by Frickc {CJicin, hid., 18S7, p. 492) 
state the difference in the amount of sulphuric acid found in 
healthy and damaged plants as follows : — \ . 



Ih'allhy. 


Bc'.ins .... 

6-119 

css. 

Buckwlieal . 

5-110 

5-88o 

(.M&b .... 

7.105 

«-336 

Kye .... 


5-610 ' 

Wheat . 

2.179 

4-412 1 

Cabbage 

2^290 

30-843 

Oat-, .... 

2.926 

6-788 

Potatoeb 

13-000 

" 17-500 


In most cases the differences are too slight to base any 
trustworthy ef)nclusions on them. .^Oais, wheat, and potatoes 
stand the acid gases better than young mcadow-plant.s. 

Just and Ilienc (67/t7//. 1889, p. 252) also found very 
varying {jercentages of sulphuric acid in plants alleged to be 
damaged by SO.,,'^o that this means of tracing»such 'injury is 
very unreliable. > 

F. Fischer, in the 220th vt)lume of Dmgl, poiyt. /., p. 88, has 
given a short synopsis of^the researches made in this direction 
up to 1878. A special treatise (in German) has been published 
on acid smoke by Hering (C'i^tta, 188^). ^ ^ 
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Morrcn (IShem. Trade li. p. i88) shows that leaves are 
more sensitive othan flowers to sulphur dioxide. When this is 
present in a proportion of i part to 80,000 parts of a^;, the leaves 
of fruit-trees arc visibly affected in three to five hours, and this 
effect seems "to spread after direct action of the gas ceases. 
Adult leaves are usually more,sensitivc than young leaves. The 
nerves are least affected and usually remain green. Sulphurous 
acid dissolved in water is almost without effect on the upper 
surface, whilst on the lower surface each little drop causes the 
formation of a spot visible on both surfaces. This solution is 
not quickly changed iilto sulphuric acid ; the effect of the latter 
is quite different from that of sulphurous acid. 

Koenig /., ccxxix. p. 299) describes the 

appearance of trees destroyed by the vapours from roasting 
blende. 

Hasenclever {Clicni. Jnd,^ 1^79, P- 225) givfs coloured and 
photolithographic illvistrations of the ravages caused by acid 
vapours and metallic sulphates upon the leaves of plants and 
plantations' of trees, side by side with those caused by frost, 
autumnal decay, fungi, drought, overgrowth of other trees, etc., 
which closely resemble the phenomena produced by the acid 
vapours from chemical works, and hence are frequently wrongly 
attributed to the latter cause. Neither is the estimation of 
sulphates and chlorides in the damaged leaves, etc., at all a 
safe gui(;le to the detection of the real cause, looking at the 
enormous quantity of acids sent into the air wherever coal is 
consumed on ajarge scale. At Stolberg, near Aachen, on a 
superficial ar«i of 1600 acres, 220 chimneys daily emit 34^1 tons 
of sulphur dioxide from coal, and ncajly 51 tons of SO.^ from 
zinc-works, glass-works, etc., the sulphuric acid and alkali-works 
adding only ^ ton (more correctly 480 kg.) of ' 30 .,, and I ton 
of riCl. Hence alkali-makers ought not to be saddled with 
the whole, or even the chief part, of the damage observed in the 
neighbourhood. 

An important paper on the subject in question has been 
published by Hamburger (J. Soc. /Shcni. Ind.^ 1884, p. 202). 
His conclusion.*?, founded upon a'large number of analyses of 
damaged leaves, are practically the same as Hasenclever’s, 
namely, that undoubtedly injury is done to vegetation by the 
acids in the srrfoke ; but much c^.fficulty exists as to proving 
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this with certainty in special cises, and at all events the* SCX 
contained in ordinary coal-smoke contributes^ very largely to 
the injurious action popularly attributed to the^cmanationsfrom 
chemical works. 

A professional forester, Reuss, partly by himself and partly 
together with Schroeder, has embodied the results of laborious 
work on«this subject in several Gern^an publications. Their 
conclusions have been attacked by another forester, Borggreve, 
but llasenclever {Cliem, Ind., 1895, P- 49 ^) has shown many 
mistakes in that criticism. They all agree in the conclusion 
that the growth of trees is only imped’ed by acid vapours if 
visible damage is done to the leaves. When the leaves or 
needles remain green, chemical analy^sis may prove an action 
of acid gases, but no real damage. 

Winkler {Z, angciv, CJuin., 1S96, p. 371) a.scribes the effect 
of noxious vapours from brick-kilns, etc., principally to their 
containing aqueous vapour, which, on coeling, causes the con- 
densation of sulphurous and hydrochloric acid. 

Further papers on noxious vapours, with detaik as to their 
action, are those by Hagen {Chem. Zeit., 1896, p. 238), Ost 
[ibid,^ 1896, p. 165), Nis.scnson and Neumann u. llniUn, 

Zeit ^ 1896,9. 145), Schroeder and Schmitz-Dumont 
/., ccc. p. 65), Ost and Wehmer {Chcjn. hid., 1899, p. 233), 
Seydler {Fischer's jahresber., 1899,9. 358), Ramann and Soraucr 
{ibid,, 1900, p. 332), Wislicenus {Z. angew. Chciu., 1901, p. 689), 
Ost {ibid., 1907, p. 1689), Wieler {Jdscher's jahresber., 1905, 
p. 394, and Chem. Z.cit,, 1908, p. 868), Soraupr {ibid., p. 395),, 
Baskerville {Chem. Zeit., 190S, ja 54a). 

A book, comprising the whole of tiiis subject, has been 
published in 1903 by Ilaselhoff and Lindau, under the’ title: 
Die Jn'scliddi^iiiig der Vegetation ygiiii'ch Ranch, another by 
Professor A. Wieler, Einwirknng von Schioefiigcr Sanre auf 
Pjlanzcn, in 1905 (Berlin, Borntrager). 

• 

Deteefion and Estimation of Sulphurous Acid mid 
Sulphur Dioxide. ’ j 

Qualitative Reactions of * Sulphurous* Acid.— The sense of 
smell is a very good meahs for detecting the presence of SO., 
when other odorous acids arc absent. Gaseous mixtures con- 
taining SO^ together with s!»ch acids arc bes? passed through 

s 
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an absorbent, sodium carbonate, with which afterwards the 
ordinary reactions for SO., arc made. When passing such 
gaseous mixture^ through a solution of potassium perjjianganate, 
or of iodine in potassium iodide, these liquids are decolorised, 
the iodine being reduced to HI. This last reaction may also 
be utilised on test-paper. Oa the other hand, a test-paper, 
soaked in a solution prepared by boiling 2 g. whcat-skurch with 
lOo c.c. of water, and adding 0-2 g. of potassium iodatc dissolved 
in 5 c.c. water, is turned blue by SO.^, by the formation of free 
iodine. These reactions may also be utilised for recognising 
the presence of SO.^ when set free from its salts by the action of 
sulphuric acid. One of the best reactions, specially eidaptcd for 
discovering SO., in sulphuric acid itself, is its conversion into 
HoS by means of pure zinc, or, preferably, aluminium in an acid 
solution. The H.^S is then recognised by its reaction on lead 
paper, or by the purple colour produced in an ammoniacal 
solution of sodium nitroprusside. 

A solution of a sulphite, either neutral or with addition of 
some soejium bicarbonate {just acidulated with acetic acid), 
when poured into a solution of zinc sulphate containing a little 
sodium nitroprusside, produces a red colour or precipitate, 
either at once or, if very little SO.^ is present, after adding some 
potassium ferricyanide. This reaction is not given by thio- 
sulphates, which arc, moreover, distinguished from sulphites by 
their giving (gencrallyconly after a little time) a precipitate of 
sulphur on being treated with a stronger acid. According to 
.Rein^ch, SO 2 can 'be ^detected by boiling the acid solution with 
a strip of clco^ii copper, which is thereby blackened. This is 
caused by the formatieh of cupric sulphide, and the colour is not 
changed by heating the strip in ^ glass tube ; but when the 
colour is produced by arsc^iic, there is a subliihate of white 
arsenious acid formed in the tube. 

According to Schiitzenbcrgcr, sulphurous acid contained in 
a solution can be recognised by adding a drop of indigo solution 
and agitating with a zinc rod ; owing to the formation of hypo- 
sulphurous acid* (Schiitzenberger’s c “ hydrosulphuric ” acid), 
HSO 2 , the blue colour will be ‘destroyed, but svill quickly 
reappear in contact with the air. 

The quanti/afive estimation of sulphurous acid in the free 
state can be performed either as will be described in the case of 
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sulphites, or by titration with ’standard alkali. In the latter 
case, however, it must be noted that the point of neutrality is 
reached ^vith phenolphthalein as indicator ^vhen the jiormal 
salt, Na^SO.^ has been formed, so that each cubic centimetre of 
normal alkali (containing 0-031 NaOH) indicates 0 003203 SO.^. 
Of course, as is always the ease with phenolphthalein, the 
standarct alkali must be soda or potash, amjnonia being useless 
for this purpose. But when employing methyl-orange as 
indicator, the point of neutrality is reached exactly at the 
formation of NallSO-j, so that each cubic centimetre of normal 
alkali indicates 0-06406 SO^. Litmus gives somewhat uncertain 
results, and ‘is therefore useless as an indicator. It is thus 
possible to estimate free SO.^ in the •presence of stronger free 
acids in this way: one portion of the liquid is titrated with 
methyl-orange, and another with.ph^nol])hthalein as indicator; 
jn the l^atter case more alkali will be usl\1, .ind the difference of 
cubic centimetres of normal alkali, multij^lied by 0-06406, shows 
the quai^tity of free S(L present (Lunge, / Soi. Chev: Ind., 
P- 513 J Thomson, CJicni. jVi'ws, xlvii. p. i3t' ;.Blarez, in 
Coniptes rend., ciii. p 69, adduces nothing new). 

The acid sulphites arc neutral to methyl-orange, which con- 
sequently enables us to estimate any SO^ present over and 
above NallSOj. The SO.^ present in the NaIlS03 itself can 
be titrated with normal soda and phenolphthalein, each cubic 
centimetre of normal alkali indicating*o-o64o6 SO2. Normal 
sulphites, like Na^SO.j, can bc*titrated by^ means of methyl- 
orange and standard hydrochloric or sulphuric acid, the red 
colour appearing when NaHSO.j has been fore^^l, so that each 
cubic centimetre of standard acid indicates (5-o64o6 SO^.^ 

Other methods of estimating SO.^ cither, in the free state or 
in its salts arJ based on its reduciiig [woperties. The reagents 
serving for this purpose arc either a standard solution of iodine 
or one of potassium permanganate, both of which arc well 
known artd Require no description here. A decinormaj solution 
of either indicatc*s per cubic centimetre 0-003263 g. SO.,. The 
method to be recomnjended for testing gaseous^ SOo in burner- 
gas will betlescribcd when treating 0/ that gas in Chapter IV. 
Special attention must be drav/n to the necessity of employing 
water /w from air in estimating SO^. This is not necessary if 
the solution of the sulphite ^r sulphurou^p acid is run into the 
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solution ‘of iodine (Giles and Shearer,/. Soc. ChofL hid.^ 1884, 
p. 197, and ]SSsrp. 303). 

In many easels the quantitative estimation of Sulphurous 
acid can take place by converting it into sulphuric acid by 
means of oxidising agents : chlorine, bromine, iodine, hydrogen 
peroxitle, etc. The sulphurico acid is then estimated in the 
usual way. 

Sulphur dioxide in the presence of hydrogen sulphide, which 
gases may exist together in a state of great dilution by inert 
gases (as in the exit-gases from “ Claus kilns ”), can be estimated 
by passing tlie gases through a solution of I in KI, followed by 
a solution of caustic soda or, preferably, sodium •thiosulphate. 
The iodine oxidises IT^SMiito fk,0 + S, and into IT^SO^; 
hence the acidity of the solution is not affected by H^S, merely 
by SO.y. On the other han^l, each cubic centimetre of decinormal 
iodine indicates 0*003203 g. of sulphur in either case, so that 
the difference betwecfi the iodometrical and the alkalimetrical 
test gives the II.^S present. The addition of a tube wiUi sodium 
thiosulpha^te/ solution is necessary, because the gaseous current 
carries away some iodine which is retained in that solution ; 
the latter, before titrating the iodine solution back, is added to 
it (details in Lunge’s paper,/! Soc\ Chem. Jnd.^ November 1890). 

Applications of Sn/plnirons Acid {Sulphur dioxide). 

The greatest quantiify, of SO^ is [jroduced for the manufacture 
of sulphuric acid. Next to this in importance comes its use 
for the manufacture of wood-pulp, mo.stly in the state of calcium 
bisulphite (or >t‘Solution of CaSO^ in an excess of sulphurous 
acid). One of the 'oldest uses of sulphur dioxide, in the shape 
of burning sulphur, is that as a. disinfecting and antiseptic 
agent. For the former purf)ose it is not so much valued now 
as formerly, since it has been shown that many of the disease- 
germs resist the action of SO., for a long time. The antiseptic 
function of SO., comes into play in the fumigatjoiV of wine- 
casks, in the urresting of the fermentation of wort, in the 
manufacture of glue (where it acts a(so 4s a bleaching agent), 
and in many other cases. , 

In the textile industries sulphurous acid is largely used as a 
bleaching agent, especially for wool, silk, straw, etc. It is not 
quite certain ig whicl\way it acts i\ this case, possibly by form- 
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ing a compound with the colouring-matters contained m the 
fibres. Formerly it was generally assumed that the SO., in 
bleaching' acted as a reducing agent, which indeed must be 
true in some cases, although probably not in all. The reducing 
functions of SO^ arc utilised in chemical and metnllurgical 
operations in too many cases to be enumerated here. 

Sulphuric Anhydride, SO.. 

(Sulphur Trioxide), 

consists of 40-05 per cent, by weight of sulphur, aTid 59-95 per 
cent, of o»ygen ; molecular weight, 8o-o6. According to 
Marignac {Arch. Sci. PJiys. Nat., .wii. p. 225, 1853; lii. p. 
236, 1875; Iviii. p. 228, 1877) and Schultz-Scllack {Bert. Bcr., 
iii. p. 215), it exists in two differeait modifications, a liquid and 
,a solid.^ The# liquid, a-anhydride, melts at 16 C., and begins 
to boil at +35'* (according to Schultz-SeHack, at 46 ). Specific 
gravity ^t 13"= 1-9546, a*t -f2o" (melted) = 1-97. In the melted 
state it is less oily than oil of vitriol, and, if pure.^colourless, 
but usually coloured brown by dust. When kept for some time 
at the ordinary temperature (below 25") it is changed into the 
solid /9-anhydride, whose melting-point is stated very differently, 
from 50" to 100'' C. Probably it begins to melt at 50', and 
gradually passes over into the ^i-modification ; it slowly 
evaporates, even at the ordinary temjjcrature. It forms fine, 
feathery, asbestos-like, white needles. The / 9 -anhydridc is 
probably a polymer of the a-modificatipn. Puff {Ann. Chcni^ 
Pharm., Snppl., iv. p. 15 1) confirms this. According to R. 
Weber, however (Poggendorffs Ann., ciix.^p. 313; Bcrl. Ber., 
xix. p. 3187), the sulphur Jtrioxide, obtained absoluteTy pure 
and free front water by his method^ is «it the summer tempera- 
ture a very mobile, colourless liquid, which, on’gradually cooling, 
solidifies to long, transparent, prismatic crystals, similar to nitrate 
of potash, qyite different from the white, opaque crystals of the 
ordinary anhydrfde containing a little water. • These crystals 
melt at i4°-8 C., ancj bo'l at 46°-2. Under certain conditions 
the anhydride can, like many other bodies, *be cooled much 
below its proper melting-point without solidifying, but then 
solidifies suddenly. After a twelvemonth it still shows tjie 
same composition and the A^ame melting-poiflt ^as it had when 
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freshly prepared. Weber accordingly rejected the assumption 
of two different modifications, and ascribed the phenomena of 
this kind observ(jd by others, especially the formation of the 
modification resembling asbestos, to a minute residue of water. 
So much* seems to be correct in Weber’s conclusions that the 
transition of the first to the second modification is promoted by 
a minute quantity of water. 

Oddo, in 1901 {RcNd. Aa\ [5], x. p. 207; CJiem. Cenir.^ 

1901, ii. p. 969), definitely proved the existence of two modifica- 
tions by cryoscopic estimation of the molecular weights. The 
compound ntclting at 13' -8 is the real sulphur trioxide, SO3 ; 
the fibrous compound, which does not melt unchanged, but at 
50° slowly, and at 100" quickly changes into SO.^, is disulphuric 
anhydride, S., 0 ,. SO.j instanti)' burns organic tissues and causes 
deep wounds ; is mucji less active and can be touched with 
the hand. SO.j dissolves at once in Ik^SOj; ST)^. but slowly, 
Oddo gives the structRral formula of ‘ 


♦SO;^ : 


()-= 

S-O ; of SO^.: 
C) 


^s• 



o . 

( ) 


Schenck {Licb. zD/;/., ceexvi. p. i) regards the liquid modifica- 
tion as a solution of the asbestos-like polymer in real SO.^ in a 
state of unstable equilibrium. 

The heat of formati4^n of i mol. of SO.^ ( = 80 06 parts by 
weight) from S and O3 is =,,103,230 cals. ( I'liomsen); from 
SO^-f C) = 344og cals, in the solid state, or = 22,600 cals, in 
the gaseous skU^c (Berthelot). The heat of vaporising i mol. 
SO3 is = 1 1 ,800 Cfds. jt.'that produced by dis.solving i mol. SO3 
in a lai^’gc quantity of water = 39,1/0 cals. (Thomsen). 

In moist air sulphuriq anhydride at once form.^ dense white 
fumes; with water it hisses like red-hot iron. Many organic 
substances are at once charred by it. In the complete absence 
of water it does not redden litmus. It gives several compounds 
with sulphur, whose colour, with the quantity 6f sulphur decreas- 
ing, changes frorrt brown to green and. blue. In the blue modi- 
fication Weber ‘has proved the presence of the sesquioxide, 
S2O3. With sulphur dioxide it seems *to form a distinct com- 
pjpund, S02-f2S0.j. With water SO3 at once combines to 
form sulphuric ^arfd (SO^II.^) and i^s different h)’d rates. It is, 
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however, not easy to completely condense the salphiiric anhy- 
dride often produced in considerable quantjty in technical 
processes, -iven with a large quantity of water and manifold 
contact, and special precautions have to Wb taken fcfr this 
purpose. 

The anhydride SO3, when cor^ducted through a red-hot tube, 
splits upiinto SO2 and O, but is re-fomed from these gases at 
a somewhat lower temperature, especially 'in the presence of 
platinum and several metallic oxides. The technical applica- 
tion of this reaction is described in Chapter XI. Ikiner and 
Wroszynski {Comptes cxlviii. p. 15.18; Chcm.jOcntr., 1909, 
ii. p. 255) obtained SO3 by the reaction of NO on SO.„ with 
formation of elementary nitrogen. 

For scientific purposes sulphuric anhydride is made by gently 
heating fuming oil of vitriol, or byj‘gniting sodium pyrosulphate 
^NagSoOy). production in a perfectly pure state is described 
by WeLer {loc, at.). F/)rmerly it was ijot used for technical 
purposes^ owing partly t (3 the costliness of its production, partly 
to the supposed difficulty of handling and keeping it. Recently, 
however, its production has been made so much Cheaper that 
certain branches of manufacture already employ it advantage- 
ously. Its application has turned out to be a very simple affair, 
as it can be sent out in drums made of tinned iron. Its handling 
is certainly unpleasant, since the contact of the skin with liquid 
anhydride, or even just liquefying by absorbing moisture, causes • 
very malignant and slow-curii\g burns. Its production on a 
manufacturing scale will be described in Chapter XI. 

I’YROSfelMMIUKIC Ac'ID,’ F 
Slructural formuk^: — Oil 



SO.— OH 

contains the! eleri^ents of 80-89 parts of sulphuric anhydride and 
10- 1 1 of water, or equal^ molecules of hydiale and anhydride. 
A transpar-ent crystalline m^iss, melting, at 35°^., it decompo.ses 
at moderate heat into aii^ydride (80*3) and oil of vitriol (SO^IIo). 

Pyrosulphuric acid is contained in the Nordhausen fuming 
acid of trade, which ofteii. consists altogether of it, and thtn 
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bear'- the tracie name “solid ( 9 leum.” Pyrosulphuric acid can 
also be easily obtained from the ordinary liquid fuming Nord- 
hausen acid by cooling below Lastly, it can he made by 
carefully mixingSulphur trioxide with a small quantity of oil 
of vitriol. Wbber (/oc. d/.) obtained an intermediate hydrate, 
H.>S04, 3SO.J, corresponding tq 94 69 per cent, of SO^. 

Pyrosulphuric acid forms salts, of which those of thr alkaline 
metals are the best known and most important. Sodium pyro- 
sulphate (So07Na.,) is formed by fusing acid sodium sulphate 
(SO^Nall) at incipient red-heat At a full red-heat it splits up 
further into*^ieutral sulphate (SO^Na,) and sulphuric anhydride 
(SO3); this reaction is sometimes utilised for producing the 
latter compound. In contact with water, the pyrosulphates arc 
gradually rctransformed into acid sulphates. 

A compound with 14-44 cent. MX) can also be obtained, 
which crystallises in thin 'transparent prisms, fugles in the air, 
and melts at 26' C. ^formula — 


SO,— OH 


"311,0, 4SO,, or "^O -}-2SO/^ 

SoV OH 


.OH 


OH 


Nordhausen or funiiyig oil of vitriol^ the manufacture ot 
which will be described in Chapter XI., is a viscous oil, 
representing a mixtur(^ of pyrosulphuric acid or sulphur tri- 
oxide with sulphuric hydratg in varying proportions, and 
therefore solidifying at very different temperatures. It fumes 
in the air, an^gives 'out vapours of anhydride, whilst mono- 
hydrate rcmains^behiml. Water transforms it at once into 
ordinaiif^ sulphuric acid, with strong Evolution of heat. It is 
often coloured brown by (jrganic substances, ard, according 
to its mode of preparation* contains many other impurities, 
such as iron, sodium, calcium, aluminium, etc. (as sulphates), 
sulphurous acid, selenium, etc. When the receivers used in its 
preparati0n are charged with ordinary strong attid,tl}e impurities 
of the latter will Wkewise pass into the fuming acid. 

The subjoinod tables refer to* the mixtures of SO.j and 
H2SO3, comprised under the designation of finning oil of vitriol 
(abridged O.V.), even when they consist mostly of SO.5 and are 
sdlid at the ordin^vry temperatures. 
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Melting-points of Fuming V.V. — Knietsch' (Fer, fQOi, 
p. 4i(X)) gives the following table of the fusing-points of fuming 
sulphuric 4iid (ef also under “ Sulphuric Acid ” below) : — ^ 


Per cent. 

MolUny-pomt 

Pei cent 

• 

Meltlii{?‘])Oint 

0. 

SO). 

C 

HO;. 

• 

• 

0 

H- 1 0-0 

55 

+ 18.4 

5 

4 3-5 

60 

+ 0.7 

10 

- 4.8 

65 

4 - 0*8 

15 

- 11-2 

70 

1 9-0 

20 

- II-O 

75 1 

1 I 7'2 

25 

0-6 

80 • 

, 1 22-0 

30 

M 5-2 

«5 

1 33-0 (2 7 -oy 

35 

4 2G’0 

(JO 

^ 34-0 ( 27 - 7 ) 

40 

1 33-3 i 

^5 

4- 36-0 (26*0) 

45 

+ 34 ’^ j 

1 00 

140-0 (17*7) 

50 

1 28.5 1 




*■ 

' Tho miiiib('rs m biaokots denoto tho riisini'-ponitM of frosb, in/l yrt polymori'sinj 
acids. ^ 


The boiling-points of Turning O.V. arc stated by Knictsch 
{loc. cii.^ {). 4110) as follows : — 


HOj total 

HOj free 

IJuilinj-ppulnt 

Baromolric 

j percent 

per cent 

e. 

pressure, inm. 

82.3 

3-64 

212 

759 

83'4 

9-63 

170 

759 

8^-45 

26.23 

1 125 

759 

89-5 

42-84 

I f • 

i 759 

93-24 

63.20 

, 60 

i 759 

99-5 

97-2 1 

43 

759 


The vaponr-pressum of various d(;scji[>ptions of fuming 
O.V. are given in the same place ; cf, also the curve^7 infra^ 
p. 291. • . 

Specific Gravities of Fuming 0 . V. — Cl. Winkler gives the 
following table of the specific gravities of fuming ^sulphuric acid 
at 20" C. ;*but it should be remarked that he worked only with 
“ commerciar acidf ’ made by the old process, fyid thkt conse- 
quently all the densities found arc sensibly Ifgher than those 
belonging t^ pure acicls ; noi* is it a matter of s’urprise that the 
values found by Messef with anotlicr description of “com- 
mercial acid” (sec below) do not entirely agree with Winkler^s 
table, 
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« 

specific 
gravity 
at 20’ C. 

K 

1 

Tercentage of 



Peiccntage of 

Percentage of 

SO-i 

4 , 

H»0. 

SO... 

And of 

Ob U. 

Flee SO;f-^ 

IT.jSOj. 

I -860 

»i.84 

18-16 

26.45 

73*55 

1*54 

98.46 

1.865* 

82.12 

17*88 

27*57 

72-43 

2-66 

97*34 

1-870 

82.41 

17*59 

28.76 

71*24 

4-28 

95*76 

1-875 

82 63 

I7v37 

29*95 

70-05 

5*44 

r 94*56 

1-880 

82-81 . 

17.19 

30.38 

69-62 

6.42 

93*58 

1-885 

82.97 

17.03 

31-03 

68-97 

7*29 

92.71 

1-890 

«3*I3 

16-87 

31*67 

68.23 

8.16 

91.84 

1.895 

83*43 

16-66 

32.52 

67.48 

9*34 

90-66 

1-900 

83-48 

16.52 

33*09 

66.91 

10-07 

89*93 

1.905 

, *5-57 

1 6-4 3 

33*46 

66.54 

10.56 

89.44 

1.910 

83-73 

16-27 

34*10 

65.91 

11*43 

88-57 

1*915 

84-08 

'5*92 

35*52 

64.48 

13*33 

86-67 

1.920 

84-56 

15*44 

37-27 

62.73 

15*95 

84-05 

1*925 

85*06 

14*94 

39*49 

60.51 

18-67 

81-33 

1.930 

85*57 

14*43 

41-56 

58-44 

21*34 

78-66 

1*935 

86.23 

13*77 

14*23 

55*77 

25*^15 

74*35 

1-940 

86.78 

13*22 

, 46.46 

53*54 

28-03 

71*97 

1*945 

87*13 

12.87 

47*88 

52.12 

2^1-94 

70*06 

1.950 

87*41 

12*59 

49*01 

50.99 

3.-46 

• 68-54 ' 

1*955 

87.65 

'12.35 

49*98 

•50-02 

32-77 

67.23 

1 .960 

88.22 

11-78 

52*29 

*47*71 

35*87 

64*13 

1.965 

88-93 

11.08 

55*13 

44.87 

39*68 

^ 60.32 

1.970 ^ 

89-83 

10-17 

58.81 

41.19 

44.64 

55*36 


Messel (/. Soc. Chau. Ind, 1885, p. 573) gives the following 
specific gravities of commercial Nordliaiisen acids, both at 
26°-6C., as determined by himself, and calculated for I5'''5 C. 


Hpociiueiifl. , 

Liquid^. .... 

I » • • • • • 

Crystalline mass, resembling nitre 


Liquid . 

n • 

M * 

Crystallised 



Sporilic gravities. 

centago of 



S( )j. 

At 80" F. 

Caloulati-d 


(-2(1' 6 (’ ) 

for 00“ F. 



( = 15-50 

-8-3 

* 1*842 

1*852 

30-9 

1 1*930 

1.940 

40.0 

1-956 » 

1*970 

44*5 

1 1-961 

1*975 

46*2 

i 1*963 

1*977 

59*4 

1.980 

1*994 

60.8 

1*992 

2006 

65*0 

1 1*992 

•" 2-006 

69*4 ! 

2.C«2 

2-016 

72.8 ! 

1.984 

1 1.988 

80*0 t 

. 1*959 

1*973 

82'8 

1*953 

.. 1*967 


Knietsch {Ber., 1901, p. 4101) gives the following tables for 
commercial fumiPig CXV., made by\he contact process:— 
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* 

Specific Gravities at 15 '' and 45 '' 


IloS04 

Total SO, 

Fiee SO;. 

SiKcUk- L'ravitv 

Spocillc ucAvilv 

per cent. 

per cent. 

per cent. 

at C ♦ 

at 45“ n. 

95-98 

78-35 


1-8418 

’ 

• (j 6.68 

78.92 

• 

1-8429 


96.99 • 

79.18 


•1-8431 


97. 6f) 

79-72 


1-8434 


98.65 

80.53 


1-8403 


99-40 

81.14 


1-8388 min. 


99-76 

8r-44 I 


1-8418 


100-00 

81.63 

0-0 

1-8500 

1-822 


83.46 

10.0 

/.888 

• 1-858 


85-30 

20-0 

1.920 j 

1-887 


• 87.14 

30-0 

1-957 i 

1-920 


88-97 

40 0 

. 1-979 

1-945 


90-81 

50-0 

2-009 

I -964 m ix. 


92-65 i 

60 0 

2-020 m.ix. 

1-959 


94-48 

70-0 

2-018 

I 942 


96.32 

80-0 • 

2.008 

1-890 

• 9 

^ 98-16 

900 

T.900 

1.864 


100-00 

, 1 00-0 

i.f|84 

1.S14 

1 


Specific Gravities of Fninine^ 0 .}\ at 3 ^ 


Total SO 

l<'ron SO 

S|((-cilic 

Total S( ) . 

Ft ce S( ) , 

Specific 

lier cent 

per cent 

oiavity. 

per cent. 

p(!r cent. 

p-ravity. | 

81.63 

0 

1-8186 

91-18 

52 

1-9749 ! 

81.99 

2 

1-8270 

91-55 

54 

1.9760# 

82.36 

4 

1-8360 

91-91 

56 

1.9772 , 

82-73 

6 

1-8425 

92.28 • 

58 

1-9754 

83-09 

8 

1-8498 

92-65 

60 

1-9738 

83-46 

10 

1.8565 

93-02 

• 62 

1-9709 

83.82 

12 

1-8627 

93-38 

.64 

1-9672 

84-20 

14 

I -8692 

93-75 ' 


1.9636 

84-56 

16 

1-8756 - 

94-11 , 

G« 

1 -9600 

84.92 

18 

^1-8830 

91-48 • 

70 

1-9564 

85-30 

20 

?-89I9 • 

94-85 

72 

i>95o2 

85.66 

22 

1-902(5 

95-21 

74 

1-9442 

86-03 

• 24 

1-9092 

M5-5«. 

76 

1-9379 

86-40 

26 

1.9158 

^5-95 

78 

1-9315 

86.76 

28 

1-9220 

96-32 

80 

1-9251 

87-14 

30 

1.9280 

96-69 

82 

1-9183 

87.50 

32 

1-9338 

97-05 

84 

1.9115 

87.87 • 

• 34 

1.9405 

97-45 

86 

I -9046 

88.24 

* 36» 

1-9474 

97.78 

8^8 

• 1-8980 

88.60 

38 

1-9534 

98.16 

• 90 

1-8888 

88-97 

40 

I '11584 

98-53 

92 

1-8800 

89-33 

42 

1.9611 

98-90 , 

^4 

1-8712 

89.70 

44 

1,9643 

99 .c 6 

96 

1-8605 

90.07 

46 

1.9672 

99-63 

98 

1-8488 

90.44 

48 

I -9702 

100-00 

100 

1-8370 

90-81 

50 

I -9735 


t 

• 
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The weighings were made at 15°, referred to water of 15"*, 
with brass weights without reduction to a vacuum.^ The 
temperatures to which they refer are 35 ’ and 45°., for fuming 
O.V., and 15" for this and the strongest ordinary acids. 

The curves (p. 290) show a maximum for ordinary acid 
slightly below the percentage of monohydrate (Ih^SOJ; fo»» 
fuming acids the makimum is at 60 per cent, free SO.j at 
at 56 per cent. SO.j at 35 ^ 0 ., at 50 per cent. s6o at 

45 “ C. 

The specific heats wore found by Knietsch as follows (those 
marked * were directly observed) : — 


Total SO 

Free SO , 

Specilic 

Total SO . 

FicnSO 


piT cent. 

per cent. 

licat. 

percent. 

per cent. 

heat. 

1 76-8 


05 

6 

91 

51.0 

0.370 

78-4 


0*3574 

92 

50-45 

O-iOO 

I 80 


0*350 

93 

61.89 

0*425 

80‘0 

* 

0*3574* 

93*3 

63*5 

0-4325* 

8i*5 


0.3478^ 1 

94 

67*34 

0*455 

1 82 

2 ^ 

0*345 

94*64 

70.6 

0*4730* 

83-46 , 

‘ 10*0 

0*3417* : 

95 

72.78 

0*495 

84 

12.89 

0*340 1 

96 

78*23 

0*535 

85.48 

20.95 

0*3391* i 

96*52 

81.0 

0*5598* 

86 

23.78 

0*340 i 

97 

83*67 

0.590 

87-13 

29.74 

0*3392* 1 

97.92 

88.6 

0.6526" 

88 

34*67 

0*350 

99 

89.12 

0.650 

88.75 

3875 

0*3198* 1 

99 

94*56 

0.710 

. 90 

45-56 

0.360 

99*8 

98.9 

0*7413* 

90.1 

46.1 

0*3599* 

100 

lOO-O 

0.770 


49*4 

♦ 0.3660* 




• The heats of solution were observed by Knietsch both by 
means of a caiorimeten and on a large scale. Those referring 
to fuimng O.V. arc giVen here, those of ordinary sulphuric acid 
under that heading. 

^ The values for acids of 100 per cent. H.SO,, and below do not quite 
agree with those found by Lunge and Naef (r/ later on), which could not be 
otherwise, as the latter worked with pure acids and referred their figures to 
water of 4 C. and m the vacuum. 'Fhc only essential cfeviation is that 
Knietsch does nol,,'ike the authors mentioned, as well as Kohlrausch and 
Schertel, find the minimum spec ific gravity* at 100 per cent. H.SO,, but at 
9940 per cent. ‘ . " ’ 
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so,, total 

S()( free 

¥ 

Calories. 

— 

llcfit of solution 

por cent 

per cent. 

ofso/vfO.V. 

' 82 

2-0 

199 

# 

83 

7-5 

210 


84 

12-9 

223-5 


85 

18.3 

237*5 


86 

23-5 

•250 


• 87 

29*2 

265 • 


; 88 

34-7 

278 


1 

40-1 

292 

.. 

cjo 

45-6 

30S 

286 I 

i tji 

1 51*0 

325 

304 1 

> 92 

5r>-4 

314 

3:2 ^ 

93 

61-9 

393 

310 , . 

I 94 

67-3 

38r 

360 1 

i ^5 

72-8 

401 

380 

I 96 

78.3 

421 . 

402 ; 

i 97 

837 

442 

423 

1 98 

89-1 

4 ^>5 

442 

99 

94-6 

490 

4f’3 

100 

lOO'O 

5*15 • 

t86 


1 




Kiiiet.scli {lo(\ lit) ^dvcs also tables of tlie electrical tesistanee^ 
tlie velocity of on tjloiv (viscosity), and the capillary lij^ivg ol sul- 
phuric acids and O.V, from o per cent, to lOO per •cent. SO.,,; 
the results arc exhibited in the curves, infra ^ p. 291. 

The action of fuming O.V. on iron (cast iron, wrought iron, 
and steel) will be mentioned later on, together with that of 
ordinal y acids. ♦ 

The analysis of fuming sulphuric acid^is described after that 
of ordinary acid. 

Sulphuric Acid, 

Natural occurrence, — Free sulphuric, au\I is found very 
exceptionally in nature, whilst some sulphates, espccia^ty that 
of calcium, oce*Ur in enormous quantities. 

In the free state sulphuric acid has been found especially in a 
few springs of volcanic origin, and in the rivers fed by those 
springs. Onj of the best known cases of this kind is the Rio 
Vinagre in Mexied, which contains o-i 1 1 per ceni:. free sulphuric 
acid (calculated as SO.j), agid 0-091 per cent, free HCl ; it daily 
carries into-4:he sea 38 tons, jtccordin^ to.others*even 69 tons of 
both acids. Many other similar instances have been discovered 
in various parts of the world {cf the first edition of this worl^ 
I. p. 17). Other cases again/ccur from the oxiHation of sulphur 
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Orel, the acids being expelled' by heat from the sulphates gener- 
ated at first. , 

Miners are only too familiar with the occurrence of free acid 
in [)it-watcrs from similar causes, by the corrosion of metal 
pumps and steam-boilers ; even the leather of the valves thereby 
becomes brittle and the wooc^en parts are charred. In the cas^ 
of volcanoes, sulphuric acid is formed by the oxidation of the 
sul[)huretled hydrogen and the sulphur dioxide from the fuma- 
roles and solfataras. 

Even in the animal kingdom free sulphuric acid has been 
found, viz.un the salivary glands of several mollusks, especially 
of Doliuui which contain 2-47 per cent, free sulphuric 

acid and 04 per cent.^. free hydrochloric acid (Boedeker and 
Troschel ; De Luca and Panceri). 


Properties of Pure '' JfouoJ/jw/ruted'' Sulphnri^^ Acid^ tI.,SO.j. 

The proper sulphuric hydrate, commonly known as mono- 
hydrated sulphuric acid, has the rational formula, 


SO. 


•OH 

on 


and may be considered as containing 81-63 ])cr cent. SCL and 
18-37 per cent, water. It is a limpid, colourless, oily liquid. 
Its s[). gr. at o'" is 1-853; at 15'' (compared with water of 4'') : 
1-83S4 (Lunge and N,acf), 1-8378 (Schertel), 1-8372 (Marignac, 
F. Kohlrausch, Mendelejeff).! The specific gravity changes to 
the extent of +6 ooi for each degree Centigrade. Both the 
addition of little SO^ and that of very little water raises 
the specific gravity/sqe below). The pu/e monohydrate solidifies 
at ab(;rut o and forms large, plate-shaped crystals which melt at 
-f io'’-5 ; they remain liquid a good deal below thUt temperature, 
but solidify on agitation, or even better when a fragment of the 
solid hydrate is introduced. The acid begins to boil at 290", 
but the boiling-point rises up to 338*" (Marignac). This shows 
that it does nqt distil unchanged ; in fact a ifiixtufe of hydrated 
acid, anhydridc,'‘ahd water passes over (^see below). This dis- 
sociation begins much earlier; the pure monohydrate produces 
fumes by giving off SO3, very slightly even at the ordinary 
summer temperature, distinctly at 30° or 40^ Accordingly it 
‘ Cl. Bert . Ber ^ 1884, pf) 1748, 2536, 271 r. 
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cannot be obtained by boiling flown or distilling lili^e Acid, 
but by adding an exactly sufficient quantity of anhydride to the 
strongest ac^id obtainable by concentration, or by cooling such 
acid below o' and several times recrystallising the monohydrate 
in the same way. The latter process has been made com- 
mercially available by myself foj the manufacture of mono- 
hydratic -sulphuric acid, which conseqfiently is no longer a 
laboratory product, but has become an important article of 
commerce {cf. Chapter IX.). 

The of sulphuric acid consists for the most part, or 

even entirely (according to the tempcrat*ure), not of molecules 
of SO.JC, but of isolated molecules of SO.j and M.jO; theory 
would give to SOJI.^ (2 vols.) a vapcKir-density of 3'<S62, for 
separated molecules of SO.5 and HoO (4 vols.) a vapour-density 
of 1-6931, whilst Devillc and Troqst at 440" found it actually 
—^174. The dissociation is therefore as good as complete in 
the state of vapour ; and this assumption agrees very well with 
our present notions concerning the state of vapour (Dittmar, 
Chon, News, XX. p. 258). • ^ 

Oddo and Anelli (Gasz. Chitn. ItaL, 1911, p 552; Chem. 
Zeit., 1911, p. 846) found the vapour-density of absolutely pure 
HoSOj rather higher than calculated for this formula, which 
proves that some molecules of arc present, as well as 

IIoSOj, SO.J, and H.^O. In solutions they assume the sulphufic 
acid to be always present as the dimeric nolccule (II.^SOi)^, but 
nitric acid as the simple molecule* H NO.,. 

Further detailed investigations on the properties of absolutely 
pure IIjSO^ have been made by Lichty (^/. Amaf Chon. Soc., 
1908, XXX. pp. 1S34-184Q), and by 1 1 an physik. Chon., 

1907, Ixi. pp. 257-312; Chon. Zcil., 1908, i. pp. I340-I24!fj. 

Formation \f Sulphuric Acid,-*\t Jias been asserted that 
sulphuric arid is formed in damp flowers of sulphur, even at the 
ordinary temperature; this is certainly the case on heating 
sulphur with, water at 200" C., or by applying the electric 
current. Sulphuf* is easil)' oxidised to sulj:Juiric acid by 
chlorine, hypochlorous^ acul, nitric acid, aqua regia, etc. It is 
produced, together with sulphurous acid and sulphur, from tri-, 
tetra-, and pe itathionic acids — from the former by merely 
heating, from all three by the action of chlorine or bromine, 01; 
even on the prolonged actio*? of stronger, acids, which set the 
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thidnic; acids' free ; also the Fniosulphates yield sulphuric acid 
under the action of chlorine. All these decompositions have to 
be kept in view in manufacturing-processes. 

Mostly sulphuric acid is produced from sulphur dioxide. 
The acjiieous*solution of the latter is gradually transformed into 
sulphuric acid by the action .of the air alone, and it is so trans-v 
formed at once by chlorrine, bromine, iodine, hypochlorous acid, 
nitric acid, and several metallic salts, such as manganic sulphate, 
mercurous nitrate, etc. Sulphur dioxide and oxygen conducted 
through a red-hot tube containing platinum, platinised asbestos, 
ferric oxide, and a number of other substances, yield sulphuric 
anhydride, or in the presence of water sulphucic acid. This 
reaction, which was formerly only of scientific interest, has 
become of the greatest technical importance and is, according 
to some opinions, destined to supersede the formerly universal, 
and, up to this, most general process of making sulphuric acid 
from sulphur dioxide, air, and water by means of nitrogen 
oxides as oxygen carriers. All this will be explained in detail 
later on. 

The action of light on the formation of SO3 from SO^ and O 
has been studied by Coehn and Becker {^Z.physik, Chcj/i., 1909, 
Ixx. pp. 88-115). 

The heat of formation of 98 parts SO4H3 is : — 



Lu|uul. 

111 (iilutuil solutions. 

From so.., , 0 , II., 0 . 

54,400 

72,000 caloricb 

„ H..0 . 

124,000 

141,000 ,, 

s, 0 ;, U >. . 

193,000 

210,000 „ 


, . 

Th’ heat of neutralisation of i mol. (98 parts) lIoSO^ by 
2 mols. (80 parts) NaOH in the presence of 400 irols. of water is 
given by Thomsen = 3 i,38d cals. Bickering (/. Chou. Soc.^ 1889, 
p. 323) states it only = 28,197 cals. 

* Sulphuric Acid umtaining Water. 

Hydrates of Sulphuric Acid. — AJj observers agree that the 
solutions of sulphuric acid conbain different hydi'ates. The 
literature of this subject is very large; and wc shall here quote 
only the most important facts {cf. also Mendelejeff, supra^ 
*p. 286, and Bickering, p.* 289). ^ sesquihydrate of sulphuric 
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acid cannot be established as a certain chemical tomponnd, but 
the donble hydrate, SO known with certainty. It 
crystallises'^from rather more dilute acid — for instance, a,cid of 
144'' Tw. in the cold. It contains 84-48 monohydrate +15-52 
water (or 68-97 anhydride +31-03 water), melts at +8* C., but, 
ipwing to superfusion, generally only solidifies below this 
temperaT^re (for instance, in the depth of winter) ; at 205" to 
210" C. it already loses i mol. and leaves ordinary oil of 
vitriol behind. The crystals form large, clear, hexagonal 
columns with six-pointed end-faces. Sp. gr. 1-78 to 1-79. By 
the crystallisation of this hydrate carboys arc ofteh cracked in 
winter; acid of 144° Tw. and the like ought therefore only to be 
warehoused in places where the temperature will not sink too 
low, for instance below the acid-chambers. Stronger or weaker 
acid can be exposed to the cold of.winter without any danger. 

^ A third hydrate, SO^H.3 + 2H.p, is assumed, because, on 
diluting strong vitriol with water down V) this point (that is, 
corresponding to 73-13 per cent, monohydrate, or 59-70 per 
cent, anhydride), the largest contraction, viz,, from ^109 vols. to 
92-14 vols., takes place. Bourgoin (/Ju//. Soc. Chim. [2], xii, 
p. 433) infers the saine from observations on electrolysing dilute 
vitriol. The density of this mixture is variously stated by 
different observers: — by Graham at 1-6321 ; by Bineau, 1-665 ; 
by Kolb, 1-652; by Jacquclain, 1-6746. According to Liebig it 
boils at 163" to 170°; between 193' and»i99'' it loses i mol. of 
water, and is changed into SO.^IL+II.jO (Graham). 

Pickering {Chem. Neu's, lx. p. 68) has obtained a hydrate of. 
the formula n.,SO^, 4II+), containing 5^-66 per* cT^nt. real sul- 
phuric acid, it fuses at -25'. ]>y aeVh^^g a little water or 

sulphuric acid the fusing-poipt is at once lowered to 

Ordinary Concentrated Oil of Vif'ial . — The strongest oil of 
vitriol obtainable by boiling-down ordinary pure sulphuric acid 
contains a quantity of water which is not stated alike by 
different •observers (Marignac, Pfaundler, Roscoe, ^ Dittmar, 
Lunge and *Naef^ etc.). The statements diffp from 97-86 to 
98-99 per cent, of it is at all events very nearly 98-3 

per cent. -This distilled sulphuric acid solidifies a little below 
0° ; but it also shows thc*phenomenon of superfusion in a very 
high degree. It boils at 338’ (Marignac), or 315 to 317 C- 
(Pfaundler and Pdlt). Use^lly Marign^c’s statement is con- 
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sidci«ed as ccftrect; the acid bf Pfaundler and Polt probably 
contained a little more water. The boiling takes place quietly 
under a stronger pressure than the ordinary one, bui at a lower 
pressure with violent bumping, which can be avoided by putting 
in platiuum wire or scraps, according to Dittmar even better by 
conducting a slow current of air through it during the boilings 
(sec (’hapter VI 1 1 ., Purification of Sulphuric Acid). 

This acid of 98-3 per cent. II^SO^, distilling unchanged, 
possesses a number of other peculiarities, marking it out as 
representing a certain equilibrium, or so-called “critical con- 
centration.” This comes out very well in a series of curves, 
illustrating the properties of sulphuric acid of various degrees of 
concentration, as given by Knietsch (Zuv;, 1901, p. 4089), P'ig. 
51, p. 291. The course of boiling-points at that concentration 
(330 ) shows a sharp apex ; below this, water or dilute sulphuric 
acid, above this, sulphuric anhydride is volatilisco’ until in either 
case the constantly-boiling acid of 98-3 per cent, is reached. 
The vapour-tension at that critical concentration is = zero, 
measured at 100 in a vacuum; the s[)ccific gravity of hydrated 
acid here reaches its maximum, from which it descends in both 
directions; the electrical resistance at this point begins to in- 
crease suddenly towards a maximum reached at nearly 100 per 
cent. HoSO^; in connection with this the action upon iron 
decreases, which is of great importance for the durability of 
apparatus (cf. below). . 

In Fig. 51, curve i, marked , shows the melting-points ; 

curve 2, r- the specific gravities at 15 , at 35 ; 

curve 3, - -, the specific heats; curve 4, , the heat of 

solution ; curve 5, ov— f — o, the electric resistance at 25"; curve 

6, H n- — , the boiling-points; curve;, .-f •— 3 , the vapour- 

tensions at 100 ; curve .8, , the visbosities (times 

of outflow); curve 9, , the capillarity ; curve 10, 

the action upon iron. 

The following fact concerning a property of sulpluiric acid 
containing about 98 per cent. H^SO^ is of great importance in 
the manufacture* of sulphuric acid from SO.j by the contact 
process. Knietlsch found that the task of converting the SO^ 
into hydrated acid cannot be accomplished by absorbing it in a 
series of vessels filled with water or dilute acid, although the 
heat of dissolution in 4his case is^^’t a maximum; but acid of 




o 




Akodntcd into iiSO,, IW+SO, (r/: p. 2t^), but in 

the presence of very little writer (equal to p8 per cent. k.SO) 

the partial presMirc of SO.^ is at a niin/murn, and hence this 
acid has the maximum absorbing power for SO.j. Up to 
this point I'o free HX)*is present, but with greater dilution it is 
found. That thc.^e dilute acids arc inferior solvents of SO.j 
is explained by the fact observed by Oddo (cf p. 278) that the 
true SO., melting at 14 , is easily dissolved in IIoSO.^, but the 
polymer, SoO,;, but slowly. Now the latter is formed from SO., 
by the influence of minute quantities of water, and therefore 
also when SO . is passed into acids below 98 per cent. H.^SO^. 

The ordinary ^'rectified oil of vitrioV always contains more 
water tluin the acid obtainable by the highest degree of concen- 
tration or distillation. Exceptionally 98 per cent, acid is made 
for commercial purposes ; the usual rectified O.V., formerly called 
170'" Tw., now more accurately 168' Tw., varies in strength from 
96 down to 93 or even 92 per cent, of real monohydrate. This 
variation is partly caused by the fact that at the higher degrees 
of concentration a slight difference in specific gravity corre- 
sponds to a great difference iij percentage ; partly by the lact 
.that the specific gravity of commercial acids, owing to the 
presence of 'impurities' is always higher than that of the pure 
acid ; but, apart fro.:».' this, the correctness of ordinary hydro- 
VLCters IS rarely of a very high order. Still, it must be conceded 
that in England at lea.'^t there is a possibility of making the 
hydrometers all alike, the basis of Twaddell’s system being plain 
and unmistakable, since ever)’ degree is equal to a difference 
of 0 005.. But matters are far worse on the Contine'nt and in 
America, where‘|3aume’s hydrometer is almost universally used ; 
unfortunately the degrees of this >nstrument, as stated by 
various authorities, answ^^r to very different spccifrc gravities, 
and those of the instruments found in trade often show even 
far greater deviation.s. The only rational hydrometer on 
Baume’s systepi which rests on a mathematical basis, and which 
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r R] therefore be, always obtainable with a uniform .scale is 
graduated according to the formula 

d--^ '44,3 

'44-3-" 

where d signifie.s any .special density (specific gravity) .fnd n the 
degree of the scale corresponding to it. (The mathematical 

Compar ison of Baumi's Hydrometers with the Specific Gravities. 


I Rational -'^^2 
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I ill 

114 H ! cq 


Rational 
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"■ 144 n • 
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Comparison between the Degrees of TwaddelPs Hydrometer 
and Speeific Grat'i/ies. 
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deduction of this formula is in the first ^'ditiun this 

work, pp. 20 and 21.) Tliis scale is now also gfinerally accepted 
in Germa.^y and France. It is the only one in which the 
degree 66, which is that everywhere accepted^for rectified O.V., 
comes near the real specific gravity of pure sulphuric acid of 
96 per cent., or commercial acid of 94 to 95 per cent., namely 
I •840. 4 Jnfortiinately, apart from vaiious other scales, Ger- 
lach’s scale is also sometimes used, although this is far lower 
than the “rational” scale, and, to make the confusion still 
greater, the American manufacturers have adopted again 
another scale, ba.sed on the formula * 


In order to clear the way as far as possible, we give herewith 
tables ([)p. 29;^ 294) showing the value of a (kgiee J^aume, accord- 
niii to die rational scale, to Gerlach’s, and to the /\merican scale 
(the last is copied from A. II Elliott, Cheiit, Trade J., ii. p. 183). 

The^percentage of mixlnrcs ‘T ^ulpluiric acid and wafer is in 
the great majority ijf cases tested by the hydrouicier* onl\', and 
many tables have been constructed for this purpose. It would 
be ver)^ desirable, as 1 fasenclever points out {llofnnvni's Report^ 
i. p. i8i), if all sulphuric-acid makers used the same rcduction- 
tabli s for their calculations; for in the statements on thc^'ield 
of acid, and in many other cases, fre(]uently different tables arc 
u.sed ; so that the working residts of different factories are not 
always comparable with each other. 1’his wer) clearly appears 
from the following comparative table 
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The totally incorrect tables of Vauquelin and D’Arcet are. 
used hardly anywhere except in the south oPFrance. 
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We shall here not take any notice of those old tables, nor of 
those of Ure, Dalton, etc, and we refer to our first edition as to 
the more modern and reliable tables of Bineau and Kolb. In 
this place we j^iv : only a table (pp. 396-301) worked out from 
the most reliable results, viz., those of Lunge and Lsler 
(Z. aui^cw. Chcin., 1890, p. 129) for the strengths up to 143° Tw., 
and also of Lunge and Naef {C!tcm. Ind., 1883, p. 37)./ 

The specific gravities were in each case estimated by Lunge 
and his co-operators at exactly IS"" C. and compared with water 
of 4", the weighings being reduced to the vacuum. Special notice 
should be taken of the fact that all older tables (including those 
of Ih’neau, Otto, and Kolb) are entirely wrong in the case of the 
acids of highest strength, since the maximum of specific gravity 
docs not (as it is made to do in those tables) coincide with the 
greatest strength, that is, pure monohydrated sulphuric acid 
H.^SOi. The maximum is at about 98-5 per ,rent., and from 
this [)oint the specific gravities decline to 100 per cent. Ik^SO.j ; 
above this point, that is when SO^ is present, they instantly 
rise again. {Cf. Kohlrau.sch, Pogg. Annal. Erga/i,zn?igsb(Vidy 
viii. p 675; Schertel, /. pniJd. Chan. [3], xxvi. p. 346; Lunge 
and Naef, Chan. Ind., 1 883, p. 37 ; and others.) 

Special attention should be drawn to the point that all 
tables indicate the specific gravities only for chcniicaUy pure 
adds ; the figures for commercial impure acids arc always 
higher ; we shall return to this subject further on. The accuracy 
of the above-given tables may be taken as ±0*05,50 that the 
first decimal is right, but the second serves omy for determining 
The first. 

/\ very extended study of the specific gravities of sulphuric- 
acid solutions has been published by Pickering {^J. Chan. Soc., 
Ivii. pp. 64 et seq.). The reasons why I do not se-^ any occasion 
for accepting Pickering’s figures in lieu of my own arc stated in 
/. Soc. Chan. Ind., 1890, p. 1017. The table of A. Marshall 
{ibid., 1903, p. 1509) founded on Pickering’s results. His 
method for estimating the strength of sulphuric acid solutions, 
tbul, p. 1511, cannot vie with the ordinary titration either in 
speed or accuracy. 

Perhaps the most elaborate investigation on the density 
and expansion of aqueous solutions of sulphuric acid, the 
foVmation of hydiates, etc., has been made by Domke and Bein, 
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on behalf of the Normaleichii?igskommission at Berlin (^. 
(Uior(^ Chem, 1905, xliii. pp. 125-181). Ncacl^ all of their 
rcsult.s sufficiently agree with those obtained by myself ai^^d my 
co-operators. > 

Worden and Motion (/. Soc, Chan. ImL, 1905, ^p. 178 ct seq) 
Ijave made very accurate determinations of the density of very 
dilute sui^)huric acid, for the purpose *of preparing standard 
solutions for volumetric purposes. Their work has no applica- 
tion for technical purposes. 

The table elaborated by W. C. Ferguson IQOS, p- 790) 

deviates but slightly from that worked (jiit by my.self and my 
co-operators. • 

A paper by Mendclcjeff (Z. physil'. Chan., i. 273) on the 
specific gravities of the mixtures of sul[)huric acid and water has 
only theoretical interest. 

correction j or any deviation of^thc tanperaturc from 15 '’ 
must be made, wheneverdhe acid tested by the hydrometer is 
above or^ below that temperature, Bineau has given a small 
table for this purpo.se, which, however, is wrong for tjic more 
dilute acids. From a very large number of observations made 
in my laborator}', a table has been constructed showing the 
alterations to be made in the specific gravities observed for all 
strengths of acid, and for all temperatures from 0" to 100 , in 
Mii^ler to reduce them to 15 C. This table is found in Lunf^'c’s 
'rcchniuil Chemists Handbook {\c)\o),\)\\e[i()-\2e)\ in this place 
give Old)' the average figurejk. For each degree above or 
below 15 you should add to or deduct from thg specific gravity 
observed : — 

0 0006 with iicidb up to I 170* 

00007 willi.icids from 1-170 to 1-450 
o-cx)o8 „ • „ 1-450 ,, 1-580 

o-ooo(; „ „ *1.58(5 „ 1-750 

oooio „ „ 1.750 „ 1-840 

Influence oi^ Impurities on the Demily of Aqueous Sulphuric 
Aeid.—Thc sfiecifid gravities given in all the tabj^es refer only to 
pure acid, and cannot bf| accepted as quit (5 correct for the 
ordinary acW of trade, which always contains infpurities. Kolb 
has examined into this matter, and ha.s* determined the influence 
of the common impurities upon the density of sulphuric acid, 
viz., that of lead sulphate, of oxygen cqmpohnds, of nitrogen. 
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and , of sulph|.irous acid. Ars^enic, and perhaps iron, usually 
occur in too sn-^all a quantity in sulphuric acid to influence its 
density ; but certainly there may be cases, not mentioned by 
Kolb, in which ..ulphuric acid is strongly contaminated with 
salts of iron,' aluminium, sodium, etc. The iron, for instance, 
may come from pyrites-dust; aluminium from the packing cf 
the Glover tower, or 'from the fire-clay frequently ' employed 
for stopping leaks ; sodium from solutions of nitrate or sul- 
phate of soda, which sometimes inadvertently get into the 
chambers. 

For saturated solutions of sulphurous acid in sulphuric acid 
of varying density, Kolb {IhilL Sot. Ind. Mulhoust\ 1872, p. 224) 
gave a table ^ which haa been proved to be incorrect by J. T. 
Dunn {Chem. lYcaos, xdiii. p. 121, and xlv. p. 270). The latter 
has shown that Kolb’s figures arc too low. By passing a 
current of pure dry through sulphuric acid^of sp. gr. 
he found that this acid dissolves : — 


1 ..'I’^inliorature. j 

1 

Voluiiio at 7()0 imlhm 
pressnio. 

Spoe. grav. of 
solution at tt'mp, 
of expennieut. 

i 'C. 

j Vols hOj. 


j .\t IM 

! 33 * 7^5 

1-823 

,, i6*i 

28-86 


n I 7 -I 

j 28-1 [ 


H 2 (v 9 

' 19-27 

1-82 2 

n 42-0 

12-82 

1-821 ‘1 

n 50-9 

9-47 

1-818 

H 62-3 

7-21 

1-816 1 

„ 84-2 ‘ 

t -54 

1-809 1 


Dilute acids dissfVe the following quantities, at tempera- 
tures varying from 15" to 16', reduced to 760 mm. pressure:— 


■Spec "rav. 
iiilfihiirio iioi'l. 

Absorbs vols. 
HO.j. 

1-753 

20-83 

1-626 

25-17 

1-456 

29-87 

1-257 

iO-52 

V151 

3082 

1-067 

3-4-08 


^ (hvf^n in our second edition, p. 127. 
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In such quantities (up to saturation) sulphurous acid certc^nly 
never occurs in commercial vitriol ; and it is ve|y rarely that 
more than traces of it are found therein, since it cannot co-(^xist 
with the nitrogen oxides which arc most frec/uently found in 
commercial vitriol. Nitric acid is, if at all, only present in 
extremely small quantities in the sulphuric acid of trade, 
a^d thcr'-ifore does not modify its density to a sensible 
extent ; especially it will not be found in sulphuric acid of more 
than 144° Tw., except perhaps in the nitrous vitriol from the 
Gay-Lussac towers ; but even this, according to my analyses 
(see below), under normal conditions contains mero traces of 
NO.jH. Nitrv' oxide can also be neglected; neither concen- 
trated nor diluted sulphuric acid dissolves more than mere 
traces of it. Nitrous acid certainly has a very marked effect on 
the apparent percentage of a sulphuric acid, according to the 
hydromctrical tqst, although only in “ fiitrous vitriol ” such large 
proportions of nitrous acid occur as to influence the specific 
gravity of the sulphuric acid. 

Marshall (/. Soc. Chem. hid., 1902, p. 1508) shov’s .that sul- 
phuric acid, recovered from the ivaste acid of nitrating processes, 
may contain notable quantities of nitric acid, which make the 
specific gravity of strong sulphuric acid appear higher than 
normal. Mixtures of both acids up to 7-5 per cent. HNO3 
i^hpwecl an increase of sp. gr. up to 1-862; from that onwefl-ds 
the specific gravities decrease. Further* experiments showed 
.that a n additional o-i per cent, of various sulphates raises the 
specificTgravity of krong sulphuric acid by o-oo.i ; lead sulphate 
by 0-0015; As.^O.^ by 0 0013 ; jiitrosulphuric acid by 0-00027. 
Lead sulphate is much more soluble tjjan stated by Kolb 
{supra, p. 304) ; acid of 98 per cent, may contain 0 09 per cent. 
FbS 04 , per,cen^ PbSO^. 

Ko\h {loc. cit., diWd our second edition, p. 129) has given a 
table for the specific gravities of solutions of N.^03 (or rather 
of SO^,NH,*ty!. below) in sulphuric acid which we now- omit as 
useless, since it is founded upon erroneous assumptions. 

R. Kisligg ( 67 /^ 7 //. Ind., *1886, p. 137) has- examined the 
effect of the presence of arsenic on the specific gravity of sul- 
phuric acid. The specific gravities of two commercial acids, A 
and B, were observed at I5“G. and calculated for water of 4°C. 
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and the vacuum, in order ter be comparable with Lunge and 
Naefs rigurc\for pure acid {supra, pp. 296 cl scq.). 


Npoc. Ktav 
at lb 


l *«377 
1-8387 
1-8303 
i-S4o<j 
i -84 1 2 

1-8413 
1-8)14 
I I-.8415 


A. 



IL '- 


HO 4 TI , 

Asof )_. 

S])fir <^rav. 

SOlllo 

AsoO.t 
per rent. 

per pHiil. 

per cont. 

at IfP. 

per cent. 


0-137 

1-8397 

93-82 * 

0-024 

92-87 

0-137 

1-8372 

93-97 

0-035 

0-192 

1-8373 

93-12 

0-028 

93-28 1 

' 0-258 

1-8384 

93-72 

0-037 

91-25 1 

0-219 

1-8386 

93-99 

0-037 

93 -90 , 

93-93 

93-77 

0-25 f 
0-231 
0-231 

1-8388 

94-04 

0-039 


When comparing these results with tliose of Lunge and 
Nacf, the considerable induence of the arsenious acid on the 
sjjecific gravity of sulplitvric'acid is very appareiit. 

With respect to kml sulphate, Kolb found that, at 'the 
ordinary temperature, there was dissolved up to 


0-039 P‘'ii‘t. in 
o-ou „ „ 

0-003 » „ 


100 parts vitriol 
100 

100 „ 


of 1-841 sp. gr. 
1-793 „ » 
1-540 „ „ 


In more dilute acids the lead can hardly be estimated. Nitric acid, 
which anyhow occurs in very small quantities, docs not strongly 
inl]*'ience the solubility of lead sulphate in sulphuric acid, nitri^ii*^ 
acid not at all The effect of lead sulphate on the il^nsity of 
vitriol can accordingly be neglected for the ordinary temp era-^ 
ture; at most it would influence the fourth place of decimals. 

Although,, as we ^ec, the impurities of ordinary sulphuric 
acid, leaving aside lutrous vitriol,” have very little effect on its 
densitj^^ still the latter, at the Jii^gJicst degrees of concentration, 
is no trustworthy mcaps qf estimating the percentage of real 
in the acid, even when the correction for temperature 
mentioned on p. 303 is applied, because at this concentration a 
small difference in densit}' corresponds to a very , large difference 
in percentage^ Many factories use special hydrometers, in 
which the last few degrees are spread over a large area and are 
further subdivided ; but in fact th6 density ought tobe estimated 
by more accurate mcLhods, for the hydrometers are frequently 
not reliable, and certainly n(.)t so unless the normal temperature 
(or which the^ Have been made exactly observed. But any 
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determination of density for estimating the percentage of the 
very strongest acids must be rejected, after vvhat'Ve have seen 
on p. 302. The acids from 96 per cent, upwards ought ther^eforc 
always to be estimated alkalimctrically. 

Obtainini^ Acid of any Desired Strength by mixing O.V. with 
J^ater. — The following table of Anthon’s will be of practical 
value. It'^shows in column a how many parts of oil of vitriol 
of 168" Tw. must be mixed with lOO parts water at 15" or 20^ in 
order to obtain an acid of the specific gravity b. 


i 

I 

h 

1 

a. 

b. . 

a. ^ 

h. 

1 

I f 

l*00(j 

1 130 

1-456 

370 

1-723 

2 i 

1-015 

1|0 

i- 47 o* 

380 

1.727 

5 ' 

1*035 

' 150 

1-490 

390 

1.730 

10 

r-o6o 

1()0 

1-510 

400 

1-733 

15 

1-090 

, 170 

1-530 

410 

1-737 

20 

I -1 13 

! 180 

1 - 5.3 

{20 

1.740 

• 25 

i-Ao 

1 190 

1-556 

430 

1-743 

30 1 

1-165 

i 300 

i-5'^8 ^ 

440 

1.746 

35 

1-187 

j .w'lO 

1-580 

450 

1-750 

40 4 

I- 2 I 0 

1 220 

1-593 

460 

1-754 

45 1 

1-229 

1 230 

1-606 

470 

, 1-757 

50 

1-248 

1 240 

1-620 

480 

1-760 

55 ; 

1-265 

I 250 

1-030 

490 ; 

1-763 

60 

1-280 

260 

1-640 

i 500 

1-766 

i ^'5 

1-297 

270 

1.648 

510 1 

1-768 

1 70 

1.312 

0 

00 

1-654 

520 . 

1-770 


1-326 

i 290 

1-667 

i 530 

1.772 

1 80 

1-340 

300 

1-678 

1 540 

1-774 

1 . 

1-357 

, 310 

1-689 

1 550 

1 - 77 * 

f)0 

1-372 

' 320 

1-700 ^ 

560 i 

1-777 

1 05 ' 

1-386 

i 330 

i 1-705 

' 580 

1-778 

i.._. 100 

1.398 

340 

! • 1-710 

i 590 1 

1-780 

i no ^ 

l-/20^ 

■ 350 

I- 7 M 

* 600 

1.782 

1 20 

1-438 

360 

! 1-719 

0 




♦ 


• 




The freezing- and mcltingfoiius oi sulphuric acids of 
different degrees of concentration are given by PayCn in a 
table quoted iiT our second edition, p. •133. 

A new determination by myself (Deri, Uer., iSSi,p. 2649) 
gave the following results : — 


of ai-id at 
15 C. 

Freo'^^ing-I/oil'It. 

Melting- 

point. 

1' Spec, giav 

1 of acid at 

1 ; 15 ^ G. 

• 

Froezuig-j^owit. 

Melting- j 
point. { 

1-671 

li(Iiii^ .it -2o"C. * 

litjuid^ 

' 1-767 

t- i'fc6 

-i 6'S5 

1-691 

• ilo. 

^0. j 

1 1-790 

• 1 4"-5 • 

f 8".o 

1.7,2 

lio. 

do. 

j 1-807 

T-o 

-6^8 

1-727 

’ - 7''-5 

- 7"-5 

1-822 

lifjuid .it 20 C. 

liquid. 

1-732 

- 8^5 

8^5 1 

1-840 

do. 

do. , 

1-749 

0'’.2 

1 4 "-S 


• • 
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dickering (/. Chan. Soc., ifJoo, Ivii. pp. 331 ct seq?) has pub- 
lished an exteVsive memoir on the freezing-points of sulphuric 
acid ^nd its solutions. Thilo (/. Soc. Cheni. Inci.^ p- 827) 

gives very extencled tables as to the results obtained by him in 
R. IMctet’s laboratory. Pictet, himself, subsequently {Coniptes 
raid., cxix. p. 642) supplies the following table : — ^ 


K(jruiula 

so. II. 

Spec. 

Kroo/iiig- ' 

Formula. 

S( u \ i . 

-tT-— 

Si>eo . 

Freezing- 

jjol cent. 

grav. 

point. . 

per cent. 

grav. 

point. 

IJoSO, 

1 00-00 

1-842 

Degrees. 

4 10 

11 . SO, -t- I 5 H ,0 

26-63 

1-196 

Degrees. 

34 


.S 4 - 4 « 

I- 7’77 

+ 3 

16 „ 

25-39 

1-187 

-26-5 

„ 2 1 1,0 

73-08 

1 -650 

-70 

18 

23-72 

I-170 

-19 

)i 4-1 

57 -f )5 

i. 47 f) 

-40 

20 „ 

21-40 

I-I 57 

- 17 

n 6 „ 

1 47-57 

1-376' 

r -50 

0 25 „ 

17-88 

I-129 

- «-5 i 

« ,1 

1 40-50 

I- 3 II 

-65 

0 50 0 

9-82 

1-067 

“ 3-5 

„ 10 ,, 

1 35-25 

1-268 

- 88 

0 75 0 

6-77 

1-045 

0 

n ri n 

33-1 r 

1-249 

'^5 

„ 100 „ 

5-16 

1-032 

+ 2-5 

12 „ 

31-21 

1-233 

*-55 ' 

,1 300 „ 

1.78 

1-007 

4 4-5 

,1 13 

29-52 

1.219 

-45 

n 1000 „ 

0-54 

i-qoi 

1- e -5 

- 14 1 

28-00 

V 207 

-40 






Knietsch {Ber., 1901, p. 4100) gives the following table of 
the mcKif’g^-[)oints of sulphuric acid, ordinary and fuming, from 
I per cent, to 100 per cent. SO.j, which 1 have supplemented by 
adding the corresponding percentages of II.^SO,. 


SO; 

H .SO4 

Melting- 

■s... 1 


Melting- 

1 

.so^ 

Melting. 

])er rent 

per rent 

point O’ 

1 pel cent 1 

pel cent 

point ' ( 1 . 

per cent. ] 

point " < 1 

I 

1-22 

- 0-6 


\ 


82^' 

1- 8-2 

2 

2-45 

- ] -0 

^0 ... , 

f 

hclow - 40 

83 * 

- 0-8 

3 

3-67 

- 1-7 

61 

» 74-72 

- 40 

84 


4 

4-90 

- *2-0 

62 : 

75-95 

- ^v ' 

85 

- II-O 

5 

6-12 

0 2-7 

63 

77.17 

11-5 

86 

2-2 

6 

7 -/^ * 

- 3-6 


78-40 

4-8 

S 7 

f 13-5 

7 

8-57 

' 4 -f 

\\ 65 

79.62 

- 4-2 

88 

4-26-0 

S 

9-80 

- 5-3 ' 

66 

80-85 

4 - 1-3 

89 

H 34-2 

9 

« I I-U2 

-- 6-0 

I 67 

82-07 

-1- 8-0 

90 

+ 34-2 

10 

12-25 

- 6.7 

1 68 

83-39 

-j- 8-0 

91 

1 25.8 

1 1 

13-47 

- 7-2 

i '69 / 

84.52 

'1 7-0 

1 92 

+ 14-2 

12 

14.70 

- - 7-9 

1 70 ; 

85*75 

+ 4-0 

; 93 

4 ’ 0-8 

13 

15-92 

i - 8-2 

1 71 1 

86-97 

- r-o 

94 

+ 4-5 

14 

17-15 

j - 9-0 

1 72 

88-20 

- 7-2 

95 

4- 14.8 

15 

i 8-37 

' - 9-3 

! 73 ; 

; 89.42 

i6-2 , 

i *96 

+ 20-3 

16 

19-60 

~ 9 -« 

1 74 

I 90-65 

I -».2 5 -o 

97 

1 29-2 

17 

20-82 

r - ‘ 1-4 

' 75 

1 91-87 

34-0 

i 98 

+ 33-8 

18 

22-05 

'13-2 

76 

93 - 10 ] 

- 32-0 

1 99 

4-36-0 

19 

23-27 

«-i 5-2 

! 77 

94-8^ hb 

’ - 28.2 

: , 100 

+ 40-0 

20 

24-50 . 

- 17.1 

t 7,8 

95-05] S 

-16-5 



21 

25-72 

- 22-5 1 79 

96-77 

- 5-2 



22 

26-95 

- 31-0 

1 80 

98-00 

+ 3-0 



23 

28.17 

-40-1 

|l 8[ 

99-25 

-i 7-0 




1 . 


i 81:63 

100-00 

f 

+ 10-0 
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By “melting-point’' he understands the tejnpcraHire at 
which the cooled acids in which crystals had Commenced to 
form remained constant when the vessel was taken out ctf the 
cooling mediam during the process of solidifitation. In a set 
of curves appended to the original {cf. Fig. 51, p. 291) he also 
s^iows the temperatures at which the first crystals form and those 
at which, i 9 n cautiously heating, the last crystals were liquefied. 
The curves show a decided maximum near the point JToSO^JTO, 
a minimum at the point 2H.^SO^,IIoO, a maximum (nearl)' coin- 
ciding with the first) at the point Ih.SO,, a minimum at 
4H2S04,S0;„ a strong maximum at ]I ,SO„SOj (-pyrosulphuric 
acid), a minimhm at Ih^SOj,2SOj, and the highest maximum for 
SO.5 in the polymerised state. * 

On boiling dilute sulphuric acid, at first nothing but aqueous 
vapour cscai)es ; according to GraJuim, acid vapour is mixed 
wi^i the steam* only when no more than 2 mol. of water are 
present to r of SO.^ — -thatds, with a percentage of Sq-qcS SOjlh, 
or a sp. g^. of 178. After several discussions about the loss of 
sulphuric acid in concentrating it, by Lunge, B<xle, \y alter, etc, 
it may be assumed that in manufacturing practice no sensible 
loss of acid takes {)lacc by real volatilisation up to a strength of 
144" or even of 152' Tw. ; but from violently boiling acid there 
is alwavs a little acid carried away mechanically in the shape of 
^ drops, especially in pans fired from the top and also in 
the Glover tower, or in a “ vesicular statt^f’ When the evapora- 
tio n up to that^ l^int takes plac<* quietl}^ at^a moderate heat, 
there is probably no lo.ss of acid at all. 

The boiling-point of sulphiwic monohydrate ’is stated by 
Marignac =338', by Pfaundlcr =317”. •*die boiling-points of 
sulphuric acid containing waiter were examined by Dalton in 
the beginning (Tf this century. Ilis ' able, which was obviously 
wrong, has been replaced by another, founded upon my own 
investigations {Berl. Bcr., xi. p. 370), which is herewith 
reproduced*:— 


{TABLIiS I. AND II. 
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Table I. 


SjRioillc 

^rfivity. 

Ttfnpora- 

ture. 

' C. 

kSitec. ^rav. 
reduced to 
15“ C 

Percentage 

of 

S 04 lfo 

point 

‘ C 

# 

Barometer 
reduced to U'. 

1-8380 

17 

*■ 1-8400 

95*3 

297 

71 ^ 

1-8325 

. 16-5 

08334 

92-8 

280 

723*9 

1-8240 

15-5 

1-8242 

90.4 

264 

720-6 

1-8130 

16 

1-8140 

88-7 

257 

726-0 

1-7985 

I5‘5 

1.7990 

86-6 

2405 

720-1 

1-7800 

15 

1-7800 

84.3 

228 

720-5 

i'75;5 

16 t 

07554 

81-8 

218 

726-0 

I -7400 

15 

1.7400 

80.6 

209 

720-6 

1-7185 

17 

1.7203 

78.9 

203-5 

* 725*9 

1-7010 

18 

, 07037 

77-5 

197 

725*2 

1-6750 

19 

1-6786 

75*3 

183-5 

725-2 

1-6590 

16 

06599 

73-9 

180 

725-2 

1-6310 

17 

1-6328 

705 

173 

725.2 

i 06055 

17 

1 - 607’ 2 

69*5 

169 

730-1 

1-5825 

15 

1*5823 

67.2 

160 

, 728-8 

1 I -5600 

^7 i 

05617 

65*4 

158.5 

730-1 

1 05420 

* 1 

05437 

64*2 

1505 

730-1 

I 04935 

18 i 

1 .4960 

59*4 

143 

730-1 

j I -4620 

17 

04635 

56*4 

133 

730-'. 

1 

17 

04015 

50*3 

124 

730-1 

1 r-3540 

17 

03554 

45*3 

118.5 

730-1 

1-3180 

17 

03194 

405 

115 

730-1 

1-2620 

17 

1-2633 . 

34-7 

r 10 

732-9 

1-2030 

17 

1-2042 

27-6 

107 

732-9 

i-ri 2 o 

n 

1-1128 i 

15-8 

103-5 

732-9 

00575 

17 

1-0580 j 

8-5 

101-5 

735-0 


Table II. 


(Calculateli by graphical interpolation.) 


percent 

I Boiling- 

Percev,t. 

B«iijng. 

I’ercent. 

Boiling. 

Pefeent. 

Boding- 


j point. 


f.oint. 


point. 

H04fK. 

jioint. 


Beg roes. 


Dogroe.s. 


Degree.-i 


Degrees. 

5 

; 101 

45 

118.5 

70 

170 

86 

238.5 

IC 

j 102 

50 

124 

72 

174*5 

88 

251*5 

15 

! ip3*5 

53 

128.5 

74 

180-5’* 

gd 

262.5 

20 

1 105 < 

56 

133 

76 

189 

91 

268 

25 

i 106.5 

60 

141*5 

78« 

199 

92 

274*5 

30 

lo’d 

6?-5 

147 

80 

207 

93 • 

281.5 

35 

'no 

65 ' 

153*5 

82 * 

218-5 

94 

288-5 

40 

114 

67-5 

161 

84 

227 

95 

295 
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The tension of aqneons vapont in sulphuric-acid soiutiojis of 
various strengths was determined by Regnault in 1845 f^nn. 
Chim. anai. l3], xv. p. 179) for temperatures from 5" to 3^" C. 
We here give his table (for every other degree), adding to the 
hydrates quoted by him the percentage com^rosition and 
s^Decific gravities. We also subjoin Sorel’s table (p. 312), com- 
puted for a wider interval of temperatures, better suited for the 
wants of sulphuric-acid manufacture. The teiVsions arc stated 
in millimetres of mercurial pressure. 


Kegnanl/'s Table of ike Aqneons- I'aponr Tensions of DUnte 
SuIpJiuric Acids 



n...so4 

ir.soi 

lIoSO, 


Jf .S()4 • 

1 1 ,S( ) . 

1 1 ;S( ) , 

H..S( >4 

11 .S()< 

('• 

1 11 A) 


. 3 11. A) 

1 4 11.4) 

1 ') 11 ,0 

i.mA 

1 O'll.A) 

1 1 1 H.AJ 

-1 17 il..() 


b4 [) 9 

7 S 1 ' 

01 

67 (1 . 

f.2 1 / 

13 <■ . 

37 7 . 

33 1 . ' 

*’13, 


i 780 

l-OM 

1 r/nl 

1 -I* 7 . 

1 420. 

1 310 

> 1 •J.S7. 

1 247. 

1 170. 


nini 

• 

inru 

nun. 

nun. 

Him. 

nun. 

nun. 

nun. 

nun. 

5 

0'i05 

0-388 

0-861 

1-294 

2-137 

3.168 

}.I20 

4428 

5-478 

7 

0-108 

0-430 

0-985 

1*510 

2.464 

3-643 

4.728 

5.164 

b.300 

9 

0-112 

0-476 

1-125 

‘•753 

2-829 

4.176 

5.408 

5.980 

7.216 

1 1 

O-I 18 

0-527 

1-280 

2-025 

3-240 

4-773 

6-166 

6.883 

8.237 

13 

0-124 

0-586 

1-454 

2-331 

3-699 

5-443 

7.013 

7-885 

9.374 

15 

C‘i3i 

0-651 

1-648 

2.674 

4-215 

6-194 

7-958 

8-995 

10.641 

,,17 

o-tjo 

0-725 

1-865 

3-059 

4-793 

7*036 

9.014 

10-222 

‘ 4*^54 

‘■'i 

T # 

0-808 

2-108 

3-492 

5*440 1 

7-980 

10-191 

11-583 

13.628 

21 

0-159 

0-901 

2-380 

3-977 

6-166 1 

9-o» 

11.506 

13-090 

15-383 

23 

0-171 

1-006 

2-684 

4^024 

4- 523 

5- 135 

6- 97,9 

7- 892 

, 10-226 

1 11-557 

12-974 

I4<6r3 

14.760 

16.610 

17-338 

19.516 

27 

0'I99 

1-258 

3-405 

5-822 

8.914 

13.050 

16.443 

18.659 

21-944 

29 

o-2i6 

1-408 

3-830 

6-594 

10-060 

14-723 

18-485 

2 •.92 9 

24.650 

31 

0.235 

1-557 

4-305 

7-459 

I^345 1 

i6.6co i 

20.765 * 

23-443 

27.606 

33 

0-256 

1-767 

4-838 

8-432 

12.785 

1 8 -70^ 

23-311 

26-228 

31-025 

35 

0-280 

1-981 

5-432 

9•^24 

14-400 j 

21-063 

26.152 

29-314 

34-770 


— 











Knictsch {Bed. Ikr., 1901, p. 41 ii) has also determined 
the vapour-tensions of sulphuric acid, both ordinary and 
fuming, at vnrious temperatures up to 100" As may be 
imagined, the aqueous-v:\pour pressures decline rapidly with 
the conceiitfation of 'the oi-dinary acirj, and* for acids from 
90 to 98 6 per cent, th^y are = o even at 100°. From this 
point the vapour-tension, now of cour.se produced by SO3, 
rises very rapidly, as is shown by the following table, where 



Tension of Aqueous Vapour in Mixti 
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the pressure of J vol. fuming acid -f J vol. air is expressed in 
atmospheres. 


j Temp. 

HU, 

30 j)er coat. 

HO, 

40 per coat. 

HO., 

50 per ceat. 

HO., 

60 por ceat. 

HO, 

70 pci ( cut. 

HO;, 

80 pc^ coat 

- - ft — 

HO, 

100 per ci'iit 

C. 

ALia. 

Atai. 

Atai. 

Atta. 

Atai. 

Atra . 

Atm. 

35 

40 

45 

50 

55 

60 





• 

0-150 

0-400 


0-075 


0-225 

0*375 

• 0-500 

0-650 

0-050 

0-125 


0*350 

0-575 

0-650 

0-875 

o-ioo 

0-175 

0-350 

0*525 

0-775 

0-875 

1-200 

0-140 

0*225 

0-450 

0-675 

1-025 

1-200 

1-600 

65 

70 

75 

80 

0-200 

0-275 

0-550 

0*825 

1-400 

1*500 

1 1-850 

0-225 

0-350 

0-700 

1-025 

i’-65o 

1-90(4 

2-250 

0-275 

, 0-400 

0-825 

1-275 

2-050 

2-300 

2-725 

0-340 

0-475 

I *000 

1-570 

2-525 

2-800 

3-300 

85 

90 

95 

100 

• 

0-400 

0-575 

I-I50 

1-850 

ft 3*100 

3-500 

4-000 

0-450 

0-675 

1-400 

2*150 

3-700 

4-175 

4-900 

0-530 

0-825 

1-700 

2-575 

4-400 

5-050 

5-900 

0-625 

0-950 

2-050 

3-150 

5*200 

6-000 


0-730 

• 

I -000 

• 1 

2-400 

3*7c^ , 

6-000 

1 




E. IJriggs (/. Soc Chem. hid,, 1903, p. 1275) describes his 
experiments on the vapour-tensions of mixture.^ of .sulphuric 
acid and water, which he applies to the constriiction of the 
following table, the figures denoting millimetres of mercury : — 


to 

so 

Toaiiiemturc ( C ). 


■ 



1 




1 


m 1 


10'« 

no 

120 

125 ! 130 

140 

150 

160 

170 ; 175 

180 

190 200 

d, 0 









6- 





—t '> .r \ K T 

,90-8 ! 1 12-5 

168-5 

^00-0 


1 



79-17 

14-3 

33-8 

56-2 

67.5 i 86-2 

132 0 

210-0 

3350 

• 



81-81 

8-5 

18-8 

32-5 

10-0 1 51-5 

75-5 

126.5 

207-5 

322.5 ' 400 , 


... 

84-26 

5-3 

I M 

18.5 

23.1 1 29-5 

4^-0 

765 

118-5! 

180-0 , -*30 

282.5 


87.32 

2-4 

5-0 

8-7 

10-5 ; 15-0 

26.3 

4 ' 5 

6iS| 

92.5 113 ii32-5 

191-0 367 

91-22 


... 

... 

5-0 ! ^.9 

1 

lO-O 

.5-0 

25^ 

40-61 51 

62-0 

• 

92.5 149 , 


B. C. Burt (/. Chem. Soc., 1904, Ixxxv. pp. 1339 ct seq.) 
describes his experiments on the vapour pressure of sulphuric- 
acid solutions, carried on by means of a specially designed 
apparatus, for concentrations ranging between, 24-92 and 95-94 
per cent SO4H2, and he aiso reviews all the earlier work on this 
subject. His conclusion is that, in solution, coTnbination ensues 
between sulphuric acid and water with the formation of new 
compounds. There is no evidence to show that definite 
hydrates exist in the solutions ; fn fat^t, se*vei^al attempts* to 
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calculate molecular weights, f-resupposing the existence of 
certain liydrates, led to very contradictory results. 

Tl^e specific acat of monohydrated sulphuric aci^l at id"" to 
20" C. is 0-3315 (wfter— i). Marignac slates the specific heat of 
acid diluted with water as follows : — 


H,,SO, 


5 ) 


+ '5 --‘< 1 - 

+ in „ 

15 » 

+ 25 „ 

+ 50 „ 
-f 100 „ 
+ 200 „ 
+ 400 „ 


0-5764 

0-7212 

07919 

0-9155 

0-9545 

0-9747 

0-9S7.S 


The following table, by l^odc, is more convenient for practical 
use {Z. angcio, ChenL, 1889, 244): — 


spec grav. 


spec. ('Jt*-''- 


, V *^42 

0-3315 

1-020 

067 

! -I- 77 I 

0.38 

1-263 

0-73 

1 1-711 

0.41 

1-210 

0-78 

1-615 

0-15 

1-162 

0-8 2 

i’53o 

0-19 

I-II6 

O-H7 

1-442 

0-55 

1-075 i 

0-<J0 

1-383 1 

I 

o-6o 

1-037 

0-95 


Cf. also Pickering (/. CJiem. Soc., Ivii, p. 90). ^ 


Knietsch {BevL Ber.y 1901,9. 4102) gives the .^p^cifiL Viv^tiiToT 
acids of high^ir co*nccntration and fuming acids up to 100 per 
cent, anhydride. The curve (Fig. 51, p. 291) falls continuously 
with the concentration, till 20 per cent.'SO^ is reached ; it then 
rises again, and at 100 per cent. reaches thci considerable 
amount of 0-77. The prmcifjal points arc : — 


'J'otal 

HP. 

Vrer S( )^. 

Spool lie 
heat. 

80 

t 

• 

0-3574 

82 

• 2-0 

0-345 

84 

, 12-89 

• 0.340 

86 

23-78 

0-340 

88 

34-67 

0.350 

90 

4 J -56 

0.360 


Total 

SOj. 

Free .S( )... 

Spec il 10 , 
liVit 


« 


92 

56.45 

0.400 

94 

6 * -34 

0 - 455 ., 

i 96 

t 78-23 

0-535 

i 98 ! 

89-12 

0-650 

! 100 1 

100 

0.770 

L‘ J 




- 1 


i 
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The exponents of refracticu of sulphuric acid Tavc been 
deteriP' ed by Veley and Mai. ley Sol\ Proc,^ Ixxix* 1905, 
pp. 469-4S^)- 

Chciuiail Piehaviour of Sulphuric Arjd. 

Ou mixing oil of vitriol 7 vitli ivatcr a ctuisiderablc rise of 
Temperature takes place, water being •chemically fixed by the 
formation of certain hydrates, as described above. Besides, on 
mixing concentrated acid with water, as already mentioned, a 
not inconsiderable contraction takes place, which must equally 
lead to an evolution of heat. But on mixing strqng sulphuric 
acid with snaiv excessive cold is produced by the heat becoming 
latent on the liquefaction of snow, wjiich considerably exceeds 
that becoming free in consequence of the chemical combination. 
Ihis cold, however, is only produced when the projjortion 
between acid^and ice does not excetwl certain limits: for i part 
cTT siil[)11uric acid there must be parts ^of snow present; with 
less snow, there is a rise*of temperature. 

Eve*n when sulphuric acid is more strongly diluted much 
heat is liberated. Many observers have worlcc'd upon this 
subject; but we quote here only a few. Thomsen {Dcuisch. 
chem, Ges. Ikr.^ iii. p. 496) states that i g.-mol. (that is 98 g.) 
lIoSC),, gives the following amounts of heat when combining 
with r molecules of water : — 
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Someyihat high^V results were obtained# by Pickering (/. 
Chcni, Soc., Ivii. p. 94). • • • • 

Knietsch (fieri Ber.^ 1901, p. 4103) gives the following^ 
figures of the heat of dissoAition, found both in the laboratoiy* 
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and by large scale experiments with 400 kg. water (for the 
values of fuming acid, see p. 284) : — 
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The curve both for or^linary and fuming acid runs on quite 
steadily, Viriibut any breaks, so that the formation of the 
different hydrates evidently does not cause any special evolution 
of heat. 

On account of this considerable evolution of heat, concen- 
trated sulphuric acid and water must always be mixed with^^ 
care ; the water ought never to be poured into the acid.^ut the 
acid run in a thin jet into the water with constant stirring. In 
case of a sudden mature, so much heat is libei^Lcuili omTe uTaF 
the acid may*bc raised to the boiling-point and splash about; 
and glass ve.ssels are easily cracked thereby. 

H. Howard (/. Sor.*C/iem. Indy 19 r6, pp. 3-4) describes a 
method for estimating the strength bf fuming suIjTihuric acid by 
the rise of temperature on dihitioii with water. 

The affinity of sulphuric acid for water is also proved by its 
great hygroscopicity. Concentrated sulphuric acid is one of the 
best means 'of drying gases ; and it is not only*use 3 dn this way 
for innumerable .?cicntific, but also for^some technical purposes 
— for instance, in the manufacture of chlorine by. ^Deacon’s 
proces.s, where the gaseous mixture, having been deprived of its 
hydrochloric acid By water, is passed through a coke-tower fed 
•with sulphuric acidf in order to be deprived of its moisture. In 
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the same way, chlorine gas is dried for the process of utilising 
tinned scrap-iron by treatment with chlorine, which in the dry 
state does not act upon iron, but gives with t/n anhydrgus tin 
tetrachloride. Or the large scale, usually nejt the most highly 
concentrated acid, but acid of about 8o per cCnt. is 

employed for drying gases, but care must be taken lest its con- 
centration during the work should not' rank below sp. gr. 1-72, 
as it would then not act as dehydrator. 

Concentrated sulphuric acid acts also upon liquid and solid 
bodies by depriving them of water or even splitting off the 
elements of the same if the substance o‘nly contains the latter, 
but no readiiy formed water. Upon this action, too, a host of 
scientific and technical applications of jHilphiiric acid arc founded. 

In this case frequently the so-called sulpJionic acids are formed, 
generally compounds easily lending themselves to further 
reactions. Instances of this are ■— ^he formation of ether by 
the splifting-up of sulpluiric acid, with tl>s intermediate forma- 
tion of sulphovinic acid ; that of ethylene on the further split- 
ting off of water; the preparation of nitrobcnzciie, pi,^:ric acid, 
nitronaphthalcne ; the manufacture of resorcine and alizarine by 
the alkaline fusion of the sulphonic acids of benzene and anthra- 
quinone ; and many other cases. 

The charring of many organic substances, such as wood, 
sugar, etc., by contact with strong sulphuric acid, proceeds from 
the saiffc source. Necessarily this a^id, in its concentrated 
forni, must have an extremely ^prejudicial effect on the animal 
body. " iTie remeuy usually applied, viz., buriH magnesia, cannot 
do much good when the epitjielium of the (esoiph^agus and the 
stomach has been destroyed. ^ 

The affinity of concentrated sulphuric acid for wAter is also 
shown by the* fact that it easily lyjns^ver, when kept in open 
vessels, by attracting moisture Trom the air — a fact to be 
remembered in the case of employing it for keeping balances, 
etc., dry. • ^ 

Dcconipihiiion^ of Sulphuric Acid . — Some oj these have been 
mentioned already — for instance, that into anhydride and water 
by evapotation. The’ mixed vapour, on accoifnt of the unequal 
velocity of diffusion of tf\c two vapours, c*an. be separated to a 
great extent into its two constituents, so that at 520'' C, within*^ 
an hour, a residue of 60 p^ cent, monol^drate j^nd 40 per cent. 
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anhydride, at 445"' C. 75 per ceiH. monohydrate and 25 per cent, 
anhydride was obtained (VVanklyn and Robinson. J\oy. Soc, 
Proc.^.^W. p. 507^. Perhaps a process fur preparing /liming acid 
can be founded upon this fact. Even far below the boiling-point 
the dissociatio'n begins in the liquid acid. It has been pointed 
out that already at 30'^ to 4c''' C. the monohydrate begins to 
give off vapours of anhydride (Marignac), which fact dias been 
confirmed by thc*cxact researches of Dittmar [Chcvi. Soc. J. [2], 
vii. p, 446) and Pfaundler and Poll ChcniiCy xiii. p. 66). 

A more thorough decomposition into sulphur dioxide, 
oxygen, and water takes place on conducting the vapour of 
sulphuric acid through porcelain or platinum tubt^s filled with 
chips of porcelain and boated to a bright red heat. This mode 
of decomposition has been recommended by Deville and Dcbray 
as a “cheap” plan for making ox\’gcn ; but it does not seem to 
liave answered, owing to the insufficient sale of s^’ilphurous acid 
or its salts; it was expected to play a. great part in the manu- 
facture of anhydride by Winkler’s process, but even for this 
purpose A hat', not been found economical. 

On heatfng with charcoal to 100" or up to i5o"’C., sulphuric 
acid yields carbon dioxide and sulphur dioxide ; on boiling with 
phosphorus, sulphur; on boiling with sulphur, sulphur dioxide; 
by the action of the electric current, hydrogen, oxygen, sulphur, 
etc. (in dilute sulphuric acid the electric current merely causes 
the decomposition of wa^er). 

Sulphuric acid^ at temperatures below its bo iling-poin t 
behaves as the strongest of all acids, and expels alT other acids 
from their salts when the solubilities, etc., allow this ; but, 
inversely, sodium sulphate is also decomposed by hydrochloric 
acid. In -fact, the “avidity” of hydrochloric and nitric acid at 
ordinary temperatures much exceeds that of shlphuric acid. 
Boussingault Cliiin, Pliys. [5], ii. p. 120) has shown that 

dry hydrochloric acid gas at a red heat decomposes the sul- 
phates of sodium, potassium, barium, strontium,, and calcium 
(see further on)... More refractory acids expeE sulphuric acid at 
higher temperatures — for instance, bo-'ic acid, silica, and phos- 
phoric acid. 

With the bases sulphuric acid forms two principal series of 
^ salk.^ viz., acid salts, of the formula and neutral salts, 
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of the formula Very frequently it a-lso form^f basic 

salts, rarely hyperacid salts. / 

The tcdmical applications of sulphuric acyl to a great extent 
rest on its great affinity to all bases. The acid and neutral salts 
are soluble in water, excepting, the neutral salts of barium, 
%trontiurs, lead, silver, and mercury (in' the state of protoxide), 
which are little or not at all soluble in water *and dilute acids. 
Calcium sulphate is sparingly soluble in water. Most sulphates 
are insoluble in alcohol. The basic sulphates arc mostly insol- 
uble in water, but soluble in acids. The sulphates* incline very 
much lowardis the formation of double salts, of which those are 
called alums which contain a combijiation of univalent and 
tri valent (corresponding to a double atom of quadrivalent) 
metals. 

The neutral salts of the alkali-metals, of calcium, magnesium, 
Sliver, ntangaiicse, and ferrosum, the latt<^r only if entirely free 
from acid and peroxide (a condition very rarely realised), do not 
redden blue litmus-paper, whilst all other soluble suljdiates do 
this. ^ 

On heating to a red heat, only the neutral sulphates of the 
alkalies, of the alkaline earths, and of lead remain unchanged. 
At a still higher temperature (that of melting iron) the two 
lattci classes are also decom{)Oscd, but the alkaline sulphates 
arc volj*tiliscd without a change. E^en zinc suli)hate and 
manganous sulphate are not casijy decomposed. This explains 
thcTnfiiuuiryTrf roti'ipletcly converting blcndtOnto oxide of zinc. 

On roasting, the decomposable sulphates ^yicld metallic 
oxides, sulphur dioxide, and ox}'gen. ^ They are much more 
easily split up on heating with certain additions, sucJi as coal, 
iron, etc. ^ 

On the luclah sulphuric acid 5cts in a very different way. 
The water-decomposing metals in the cold yield nothing but 
hydrogen, widi it; at high temperatures even zinc and iron 
already yield suljfhurous acid ; and zinc, if ccj'tain conditions 
are observed, can even yiqld sulphuretted hydVogen (Fordos and 
Gelis). 

Most of the heavy mJtals do not act iq5()i\ sulphuric acid in 
the cold and in a dilute state (they yield sulphur dioxide only 
on being heated with coucijJituitcd a| arsenic, anti- 
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mony^ bismuth, tin, lead, coppcr/imercury, silver (sulphates being 
formed at the same time) ; gold, iridium, and rhodium do not 
act on, sulphuric tacid at any temperature. 

Pure sulphuriQ acid has a very slight action on platinum^ 
even at, its boiling-point, and hardly any action at lower 
temperatures, but the actioa is increased by the impurities 
never absent from cottimcrcial acid. Impure platiaum may 
also be acted upon to some extent, but the action on gold is 
7itL We shall go into this subject when treating of the con- 
centration of sulphuric acid in platinum vessels. 

The behaviour of atsi-iron towards sulphuric acid is of great 
technical importance. It has been known for many years past 
that concentrated oil of vitriol acts very little indeed upon cast- 
iron, whether hot or cold, provided the access of air is excluded, 
the moisture from which would dilute the acid and cause it to 
act more strongly. It was, however, at first .considered an 
extremely bold step when Lancashire alkali-makers began to 
decompose common salt with sulphuric acid in cast-iron pots, as 
is mentioned^ in our second volume, in the chapter treating of 
the manufac’turc of saltcakc. 

Since that period manufacturers have become much bolder, 
and for many years past cast-iron vessels have been employed 
for “parting” alloys of silver and gold by boiling sulphuric 
acidj-^or making nitrobenzene and analogous products by a 
mixture of strong sulphuric and nitric acid, and imvumerable 
other purposes where strongs acids have to be manipula ted 
either hot or cokl, even for the last concentration of "suipTTuric 
acid itself. '*U'lulc sulphuric acid, if the dilution be not too 
strong, acts very little On cast-iron in the cold or at a gentle 
heat, if aif be excluded ; it can therefore be employed for “ acid 
eggs,” in which chamber-ac,id is forced up, in 'I'ieu of pumps, 
and similar purposes. 

It is usually assumed that some descriptions of cast-iron 
resist the attack of acids more than others. This ooint, together 
with some others of importance, has been the subject of experi- 
ments by myself And collaborators {Chem. Ind., 1886, p. 74)} 
These experiments Jead to the following conclus\ons : — 

(l) At the ordinary temperature all acids down to 106'' Tw. 
^ A full report is also given in the^second edition of this book, pp. 
141-143. , ‘ 
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act very little on all descriptions of cast-iron, if the acgjss of 
air is prcvt^nted. 

(2) At lOo"" C. the action is much stronger. It is leastdn the 
case of acid of 168" Tw., U times stronger vjith acid 142 T\v., 
and 3 times stronger with acid 106'' Tw. 

(3) At the boiling-point of the acids the differences are far 
more pror^ounccd. Acid of 168'' Tw. acts very little even then 

at 295 C.), both in the pure state, or as commercial acid 
(containing a little N/ 3 .^), or when containing a little S(l^. But 
acid of 142" Tw. acts (on an average) 14 times stronger at its 
boiling-point = 200'' than the same acid at 100 C., and 20 times 
stronger than* acid of 168’ Tw. At 200’ C. commercial acid of 
142'" Tw. docs not act very differently from pure acid of the 
same strength. Hence it is not feasible to concentrate acid 
of 142'' to higher strengths in iron, vessels; only from 168" Tw. 
upwards the acid can be boiled in cast-iron vessels. Acid of 
106 ' Tw. at its boiling-^joint (= 14; .acts rather less than 
acid of r^42 ' Tw. at 200" C., but still 14 times as much as acid of 
168 Tw. at 295" C. There is no difference bctvvfen pAire and 
commercial acid in this case. 

(4) The differences between various mixtures of cast-iron are 
of no importance against acid of 168 Tw. in all cases, and against 
the weaker acids at 20' and 100' C. But the latter acids at their 
boiling-point act decidedly less on charcoal-pig and on chilled 
cast-iron ‘than on all other kind.s. A viiffercnce between hot 
and cold castit^g could not be found. The strongest attack 
took place oirScotdi pig and on mixtures containing such. 

In another scries of tests wc examined the action of mono- 
hydrated sulphiiric acid m various met^Js, both on standing six 
days at 20" and on heating two hours to 100 C., always with 
exclusion of aii‘. The loss of weight W;js : — 
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[ 3-650* 

o*r/>2 
0*056 ' 
I-JI 5 
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* 0*015 
0*095 
excessive 
1*847 
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Kniqtsch (At., 1901, p. ^^09) ^ives the following table 
respecting the action of sulphuric acid (ordinary apd fuming) 
of various streng^ths on cast-iron, mild steel (“ Fluss^isen ”), and 
puddled iron. The cast-iron contained 2787 per cent, graphite 
and 3-5f) per "cent, .total carbon, the mild steel o-ii5 percent, 
carbon, and the puddled^ iron G 076 per cent. The figures denoty 
the loss of the metal per superficial metre and hour in'^rammes, 
after treating vvilh acid for seventy-two hours at 18' to 20' C., 
with exclusion of air. 
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0-1510 
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0-1760 
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0-1274 
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80-3 

o-o68i 

0-0533 
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0-0504 

99-30 

8 1 -07 

0-057 

0-042 
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Knietsch {loe. cit.^ p. 4090) make the following further 
remarks on this subject. Whereas cast-iron vessels are very 
suitable for tin manufacture of hyd.ated sulphuric acid, this is 
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not the case for fuming acids, for these, although they corrode 
the metal ^hut slightly, cause it to crack, sometimes quite 
suddenly, with a loud report. Evidently tne fuming* acid 
penetrates into the pores of the metal, whert it is reduced to 
SO.j and U.^S, with formation of CO.^ from the carbon of the 
c^st-iron — all of them gases With somewhat low critical 
temijeratifres which produce high tensions in the interior of 
the metal. 

Fcihr {Fisc/icr' s Jaliresbcr,^ i(S86, 295) points out that cast- 

iron, in order to resist acids, ought to possess much chemically 
combined and little graphitoidal carbon, whilst precisely the 
opposite holds good with reference to resistance against alkali, 
as in caustic-pots and the like. In tfie former case the iron 
ought to contain much manganese and little silicon, in the latter 
little manganese and much silicon. Fusing alkalies dissolve 
cofcnbincrj carbt)n and manganese, but very little graphite or 
silicon [?]. A mixture vVhich makes go( 5 d dccomposing-pans 
(or acid €onccntrating-[)ans) would make bad caustic-pots, and 
7 )ice versa, 

Ricevuto {Ciicm, Zeit.^ 1907, p. 960) found a cast-iron dish, 
which resisted the action of acids particularly well, to contain 
9-24 per cent. Si, 0-526 per cent. P, o-o8o S. This dish had 
been .applied by Hartmann and linker. 

Sometimes ferro-silkon (up to 10 percent.) is cmploy*ed to 
make cast-iron acid-proof, whereas r jjbr cent, nickel makes it 
proof agabv’k'd-' ''i(Guttmann,/. Sou C 7 icfn,Jnd,^ 1908, p. 668). 

WroiigJU-iron is much more acted u[>on than gast-iron by 
weaker acids, as appears from .some of the above-quoted in- 
vestigations, but at the o^'dinary temperi#ture it resists the action 
of strong sulphuric acid dowu to 140" Tw., and probably even a 
little below that strength. Where, howLwer, through the action 
of moist atmospheric air, the acid gets more diluted, a very 
strong action sets in. Hence the wrought-iron vessels in which 
sulphuric acid*is now very generally carried must bc« protected 
inside against any access of air when emotj^ ; and at the 
manholes, etc., where, tenfpofary access of aii; is unavoidable, 
they arc best protected bj* a sheet of Lead. ^ • 

By Juifimg acids wrought-iron (and ziik), according to 
Knietsch, loc, ci^ is somewhat strongly acted* upon in case.of 
acids containing up to 27 per cent. SO.j,» this is^explained by 
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the incfetise af electric condiitiivity, apparent from the curve 
No. 5, 51, p. 291. We notice that the’ininimunj lies at 100 

per cent. : then the conductivity rises i^harply, the 

maximum bein^ r.t 10 to 15 per cent, free SQ.^, whereupon it 
sinks ju?Jt as rapidly to a minimum. At 27 per cent, free SQ.^, 
wrought-iron is again c^itirely* passive, and apparatus made of h 
may serve for many years for the manufacture of hig^-strength 
fuming acids. 

The action of sulphuric acid on lead has been the subject of 
many experiments. Calvert and Johnson {Coniptes rend.^ Ivi. 
p. 140) cam*e to the conclusion that lead is all the more acted 
upon the purer it is, and that an energetic action only takes 
place by acid above tKe sp. gr. of 140' Tw. Similar results 
were obtained by Mallard {Bull. Soc. Cheui.^ *^74) ii- P- 114) 
Hasenclever. 

Eaucr {Berl. Ber.y 1875* P- found that of strong/^st 
oil of vitriol (168" Tw.) with 0*2 g./of puic lead produced a 
sensible evolution of gas at 175' , stronger at 196 ; a,t 230 ' to 
240 ’ suddenly all the lead is changed into sul[)hate, with forma- 
tion of SO.^, H and S. Lead containing varying quantities of 
bismuth (071 or 4 or 10 per cent.) was even more strongly 
acted upon, whilst small quantities of antimony and copper 
make the lead more resisting ; platinum acts in a similar way. 
Leacrct)ntaining 10 per cent, tin behaves like pure lead. 

According to experiments made by J. Glover (Cllcni. JVezvs^ 
xlv. p. 105), pure Jead is less 'acted upon w l^ii.susDpn ded in a 
yitriol chamber 'than lead containing 0-i to 075 per cent, 
copper, or o-F to 0-5 per cent, antimony. N. Cookson {did., 
p. 106) found that stro/ig acids at a high temperature act more 
upon lead containing antimony upon pure lead, whilst 

weaker acid at a lower tem^j^^erature acts the other way. Cf also 
Mac tear {Che in. Ncivs, xli. p. 2 36). 

In the north of England those rolling-mills which sell the 
sheet-lead* to the vitriol-works, supply a special kind of 
“ chemical lead which is made from tfie rrielted-up old 
chamber-lead, pipes, etc. ; in this cas^e mpny impurities, especi- 
ally antimony,^ froip regulus”-valvQS, etc., get info the lead, 
which are supposed to improve its quality for acid-chambers. 

, Hochstetter (/>W/. Soc. Ind. du fiord, 1890, p. 231) found that 
lead absolutely free rfrom copper'' is strongly acted upon by 
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sulphuric acid, and that as little as o-02 per cent. Cu protects it, 
as well as antimony.* Mis results arc based entirely on experi- 
ence made on the large scale, and they were not controlled by 
ascertaining any loss of weight. ^ 

Napier and Tatlock {ChenL M’ztO', xlii. p. 3^4) found that 
the action of sulphuric acid on Icivl at the ordinary temperature 
i% accomj^iRnied by an evolution of h)’drogcn, which may cause 
bulging out of the closed lead vessels in which the acid is 
sometimes sent out for sale. 

The experiments of Veley (/. Soc. Cliofi. hid.^ 11^91, p. 1), 
according to which mixtures of nitrous Und nitric 4icid have a 
stronger action on lead than either acid by itself, have no 
practical bearing on the behaviour* of the acid in vitriol 
chambers, since, if nitric acid occurs there, it is always accom- 
panied by nitrous acid, and, what is far more important, the 
immense excels of sulphuric acid greatly modifies all conditions 
o(*thc case. . ^ 

All extensive investigation on the action of sulphuric acid 
on lead made b)' myself together with E. Schmid l],as been 
published in /^. angcu\ CJicui., 1S92, p. 642, also paAly in /. Soc. 
Chcin, Jnd.^ p- I4f>. I here give a very brief sum mar)' of 
our rcesults, some of which are of great practical importance. 

1. At higher tcnipcraiurcs \\\c piiViSt lead in all cases resists 

both pure and nitrous sulphuric acid, with or without aciicss of 
air, much better than “regulus metal” 4^2 Pb, 18 Sb) or “hard 
lead” (i*8 per cent. Sb), or c\«n soft lead with only 0-2 per 
cent. Sb. lii the c^d, lead with 0-2 [)er ceut.'Sb. is very slightly 
sufierior to the purc.st lead ; regulus metal bt:hav^s^nuch worse, 
and hard lead w^orst of all. « 

2. Concentrated fiitrons vitriol is always more active than 
pure acid. In*thc case of somewhnt dilute acid (s[). gr. 172 to 
176}, nitrous vitriol acts less than*purc acid on soft lead and 
hard lead, owing to a protective coating of lead sulphate being 
formed. R tl^ acid is more dilute, the action is agam stronger 
{cf. below), in alPcases nitrous vitriol acts more; in the presence 
than in the absence of air* 

3. Coniparing two sam[)les of soft lead, tlie purer sample 
was found decidedly better; even a*very flight proportion of 
bismuth (0044 per cent.) acts injuriously. 

4. It is altogether inadiTiissiblc to jud^m of thf resistance of 
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lead to sulphuric acid from the, quantity of the om (hydrogen) 
evolved: Soft'lead gives off at the ordinary temperature, after 
a week’s contact, much gas; hard lead, although lising much 
more weight, ver;^ little gas (..Jq- of the theoreticifl quantity), 
probably owing to galvanic action. On this account, if sul- 
phuric acid is to be sent out in tightly-closed or soldcred-up 
leaden boxes, they shAuld not be made of soft, bi;t of harfl 
lead, since otherwise the hydrogen may bulge up or burst the 
vessels. 

5 (d). Lead containing up to o-2 per cent, copper (alloys 
containing piore coppCfT cannot be homogeneously rolled (is in 
the cold acted upon by strong sulphuric acid more than pure 
lead ; with nitrous acid there is not much difference. At 
100° C. all kinds of acid act in the same way on pure lead and 
on lead containing copper; concentrated pure acid rather less 
than concentrated nitrous. vifriol, but more than, nitrous vitriol 
ofsp.gr. 172 {cf. No. 2). At 200 ' C., concentrated acid a^ts 
alike on pure lead and on lead contAining 0-02 j)er cent. Cu ; 
lead containing more copper is slightly less acted upoi/by pure 
acid, bu’t ratlfer more by nitrous vitriol. 

(/;) Above 200° (225 ’ to 255 ) lead alloyed with i per cent. 
antimony is far more strongly acted upon than pure lead (in the 
proportion of 26 5 to i at 225°); but lead containing 0-2 per 
cent. resists the acid at 235° much AV/tV' than pure lead 
in the proportion of 17, and at 255° in the proi^-ortion of 
1 : 26-5. , 

6 (('?). Pure soft lead gives no visible eVo'Atrl(jIT'T 5 f gas with 
pure conceiytratccl sulphuric acid up to 220 . iM'om this point 
more gas-bubbles are cqntinually given off, and at 260 the lead 
is momcitjtarily dissolved with strong fi'Othing, smell of SO.,, and 
precipitation of sulphur, the Jtemperaturc rising tn 275". 

{It) The same lead, alToyc^d with o-2 per cent, of copper, shows 
a visible evolution of gas only at 260°, regularly increasing up 
to the boiling-point (310°), at which the lead is very gradually 
dissolved. ' * 

{c) Soft leaci,' alloyed with i per-cent. Sb, gives with sul- 
phuric acid the f.nst visible gas at 175°, 'Inore strongly at 225°, 
and between 2^75° and 2S6" there is tlfe same turbulent, sudden 
solution as in the case of pure soft lead. [Rauer, AVr/. Ber.y 
1875, p. 210, ^oubd similar results according to him 073 per 
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cent, bismuth lowers the tem'peraturc of sudden decomposition 
from 240" to i6o'\] . • • 

Hence the purest lead is subject to instantaneous solution by 
sulphuric acid at 260". An addition of i per cent. Sb raises this 
temperature only about 20”, but 0-2 per cent. /'u completely 
destroys this liability to sudden decomposition. 

• 7- Tl^e percentage of oyxgm in lead is very slight even in 

extreme cases, and does not seem to have an,y connection with 
its liability to be acted upon by acid. Ihit that liability, as may 
be imagined, is less when the density of the surface is nicchanically 
increased. , 

8. The fi4ial considerations in .selecting the kind of lead best 
suited for constructing apparatus fo]- the manufacture of sul- 
phuric acid are as follows 

l\)r vitriol-chambers, towers, tanks, pipes, and all other 
VI stances where the temperature *cau rise but moderately, and 
cTrtainly never up to 200" T., the purest soft lead is preferable to 
every other description oj^ lead, being least* acted upon by hot acid, 
whethef dilute or coiuent rated, pure or nitrous. 

Any sensible proportion of antimony is in fluarlv'all cases 
injurious ; copper causes at least no improvement. This, of 
course, does not apply to those cases where the lead requires an 
addition to its tensile strength, nor to that mentioned sub No. 4 
of packages for acid to be clo.sed air-tight. Hence an addition 
of aboi'i 0-2 per cent, antimony may Jje useful in the case of 
apparatus which is only in contact with {old acid ; but with 
'Warn/ acid wen ;.'^is percentage is to be avol'ded. 

For very high temperatures, e.g., the hottesi boiliyg-dovai pans, 
which ought not to be heatecl above 20cf (' , but ma)' sometimes 
be raised to that point,**^?;/ addition of 6 i to 0-2 per cent. re//r;-is 
advantageous antimony should be avoided here under all 
circumstances {ef No. Cdf That •percentage of copper has no 
aefirih at 200", but only above 220 " ; and in the presence of 
bismuth jt protects the lead from the sudden destruction some- 
times observed. • • 

9. Technical snip hu?fc mofiohydrate'' at 5 ( 5 ' C. acts far more 
strongly oh lead thai^a eo^ieentrated sulphuric ayid, [The “mono- 
hydrate” employed in bur experimenVs ^uad attracted a little 
water and tested only 98-85 per cent. Ih.SOj: its action upon 
lead was 13! times that of ordinary concentraij|cd acid of«96-5» 
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per cent. H^SO^. Fresh monol^ycfrate of 99-5 or 9975 per cent, 
would* iTo doubt, have shown even more action.] 

10. Nordhausen fuming oil of vitriol acts upon *lead much 
more strongly than ordinary concentrated acid. When it con- 
tains 20 per cq.nt free SO.j it has 32 times the effect of ordinary 
acid ; stronger Nordhausen acjd has rather less effect than the 
20 per cent, acid, becaus\i a protective coat of lead sy.lphate ifi 
formed. At all v>vents lead must not be brought into contact 
with Nordhausen acid. 

11. Nitric acid of sp. gr. 1*37 to 1-42 may be brought into 
contact witl^ lead at tlit\ordinary temperature, but no acid of less 
strength. Stronger acid than the above acts mote powerfully 
upon lead, but no mor,e than concentrated sulphuric acid. 
Mixtures of concentrated sulphuric acid and strong nitric acid act 
very little indeed upon lead, much less than either strong sul- 
phuric acid or strong nitric,.acid by themselves; ^such mixtures 
can be treated in lead vessels without any hesitation.* (Latbr 
observations have shown that this applies only to ordinary 
temperatures and vvdien no moisture can be attracted from the 
air. Hot mixed acids act strongly on lead.) 

12. Mixtures of sulphuric acid and nitroso^sulphuric acid,, 
partly also containing nitric acid^ all of them originally contain- 
ing o-i per cent. N, but by heating to 6f C , brought to the state 
in which they can really exist in vitriol-chambers, give the 
following results: — If Ji^^littlc nitric acid is added to cUhitc sul- 
phuric acid, and the mixture is heated, a little HNO.^ is 
volatilised, but no’ • nitrosyl-sulphuric acid i.^ornrCTi^ until the 
concentration has 'reached sp. gr. 1-5. P'rom this point oxygen 
e.scapes, and at sp. gr. ^ 1768 the whole of the 1IN03 
vanished, SOr.NII appeaVing in its steach Inversely, nitric acid 
is formed from nitrous sulphuric ackl on diluting k ; in the case 
of prolonged heating, this cvi^^ently takes place not by splitting 
up into UNO., and NO, but by ab.sorption of oxygen’ irom 
the air. 

The action of the acid on lead is least just about the lowest 
point where the hitrosyl-sulphuric acid is still capable of exist- 
ing. It increa.ses.,wUh its dilution, and irr proportion to this, 
evidently through thfj formation of nitHc acid, equally with its 
concentration, and later on rapidly .so, the action of stronger 
sulphuric acid pjmbining with that of nitro.syl-sulphuric acid 
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and nitric acid. The mhiivium action is between sp.gr. 1-5 a 7 id 
1-6 — that Is Just at that coneent ration above or below which the 
acid ought not to be kept in vitriol-chambers. This proves tjiat it 
is not ratl.ifal to keep the acid in tlic first chamber ,too strong 
((/! Chapter VII.). * 1 

Bismuth is generally (as shgwn above) considered very 
injurious the rcsisting-quality of lead for sulphuric acid, H. 
O. Hofmann (d//;/. Ind., v. p. 398) certainly stc'>tes that bismuth 
up to 2 per cent., or up to the amount usually found in com- 
mercial lead, does not affect its resistance in vitriol-chambers, 
and that it is far more important that ‘the surface, should be 
clean and smooth, to prevent droplets of condensed acid adher- 
ing to the lead. While the second, part must be accepted 
without contradiction, the first (concerning the bismuth) is con- 
trary to every other experience. In a special case which has 
come under m^ notice, two Glovcr*to*vers behaved quite differ- 
ently, one of them going without lead repairs ff)r thirteen years, 
the other one being damaged before two years were over. 
Analysi.* proved the lead to be of almo.st identical comj)osition 
in both cases; but the first contained 0004, the ^second o-oi2 
per cent, bismuth. 

According to Junge {Sachs. Jahresher. f Berg- u. llutten- 
ivcscn, 1895) some acid-makers prefer lead Tlesilvcrised by the 
Pattinson process to that treated by the Parkes process, bc^causc 
the latte« is supposed to contain mo|ij; zinc ; but Hofmann 
proves this to be contrary to k^cts ; Parkes lead contains less 
zinc, but niuic bisiiAith, than Patlinson lead.’ It is not denied 
that in concentrating-pans P^ttinson lead staiKjs •better thart 
Parkes lead. This would be explained the fact that Pattinson 
lead contains more cop[fer and Ic.ss bi.s*nuth than P^^rkes lead 
(cf, supra, p. 3-16) ^ ^ 

Fluorides sometimes occur in I 5 lende, and they may cause 
trou 15 Te, as they are converted into HF in the Glover tower, 
and this a^dd ^contaminates the sulphuric acid. Prost {Chem. 
Zeit.^ 1902, p. 1 2) •asserts that even a very slight quantity of 
HF in sulphuric acid cai^scs great wear and* tear of the lead 
of Glover tawers and 'chambers, not only directly, but by facili- 
tating the corrosion by s^ulphuric acfd anc^ the •nitrogen acids. 
Most descriptions of blende contain only traces of fluorine, but . 
once he found 7 per cent^ ’ (The experimeifts quoted in The 
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original d6 not show any csscnyaPdiffcrence between pure acids 
and those containing up to 2 per cent. II F in their action on 
lead. ^ Gaseous HF seems to act much more than tlnl't contained 
in sulphuric acid.) 

About th^ befiaviour of rjinc towards sulphuric acid, I will 
only quote the fact that corjcenlrated acid yields hydrogen, 
together with hydrogeil sulphide, down to acid of tjje formula 
SO4II0, SH^O. .Acid of the formula SO^H,, 6H0O yields pure 
hydrogen (Muir and Robb, Chcvi. Nrws\ xlv. p. 70). 

Hart (y. Soc CJieni, Ind., 1907, p. 668) found the formation 
of easily fu^sible alloys.of lead with aluminium, tin or zinc to be 
the most frequent cause of the leaking of lead pans ; bismuth 
has a similar but slower, action; antimony acts as well injuri- 
ously, but copper, arsenic, and silver very little, and copper, 
under certain circumstances, may even act as a protective agent. 
The physical condition of /.he lead is also of importance. 

Tin is not acted upon by acid of the formula SO^IL,, sHjO. 

Behaviour of Snlphnrons and Sulphuric Acid iowanh the 
•• , « Oxides of Nit) opm. 

The reactions between the oxides and acids of sulphur and 
nitrogen are of extreme importance for the theory of the 
sulphuric-acid process in general, and for the recover)' of the 
nitrog;en compounds in particular. 

The older researches in this field, of (dement-pesormes, 
Dalton, Davy, Rerzelius, GayT.ussac, W. Ileni)’, Gaultier de 
Claubry, Dc la Provostayc, A. Rose, Koeno^WeltfTrn, Rebling, 
and Muller, have how merely an historical interest. The modern 
literature of this subject^ begins with the labours of R. Weber, 
during the years 1862 1867, publishc^d in the j.prakt. Cheni.^ 

Ixxxv. p. 423, and c, p. 37 ; Poggendorff's Aujia/e^^cxxm, p 341, 
cxxvii. p. 543, exxx. p. 277 ;* and partly in Dinv;l. /eZ/V.y., clxvii. 
p. 453. Other very important papers have been published by 
Cl. A. Winkler (“ Researches on the Chemical Proc(;‘sses going 
on in the Gay-Lussac Tower.s,” Freiberg, 1867), by Rammels- 
berg i872,«p. 310), by Michaelis and Schumann (ibid., 

1874, p. 1075). • ■ , . ' 

My (nvn re?)earckes referring to this subject are found in the 
following publications : — 1S77: P>erL Ber,, x. pp. 1073 and 1432. 

18^8 : Berl. Bir.,^x\. pp. 434 and 1*229 ; DingL polyt. f,, ccxxviii. 

« * 
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pp. 70, 548, and 553. 1879* polyt, J., ccxxxiii p. 63; 

Berl. AVr., xii. pp. 357 and 1058. 1881 : AV^/. AVA, xiv pp*2i88 
and 2196. ’ 1882 : BerL Ber., xv. pp, 488 and 495. 1884: QJiem, 
Ind., 1884, 5. 1885 : /. Soc. CJteni. 31 and.447 ; Berl. 

Ben, xviii. pp. 1376, 1384, 1391 ; /. CJieni. .SW., xhv'i. pp. 457 and 
465. 1888 : Berl Ben, xxi. pp. 67 and 3223. 1889 : Z. (mgeiv. 

€hem., pp. 265 and 385. 1890: ibid.,^. 195. 1899; p. 393. 

Of the different oxides of nitrogen, nitroiis»oxide, N^O, need 
not detain us here. It is very slightly soluble in sulphuric acid, 
much less so than in pure water, as, once formed, it is not 
oxidised again into NO or higher nitrogen oxjdes ; it is 
altogether lost for the manufacture of sulphuric acid, nor docs 
it form any chemical compound with that acid. 

Nitric oxide, NO, was stated by Henry and Plisson to be 
absorbed by oil of vitriol, if left a long time in contact with it, 
with formatioi\of nitrous pyrosulpluii'ic anliydiide (see below) ; 
but Bcr^^clius, Gay-Lussac, and many others have long ago 
refuted this statement, more especially Winkler {Joe, cit., p. 58). 
In fact *thc sulphuric acid of the absorbing-apparatus cannot 
retain that portion of the nitrogen oxides which have been 
reduced to the state of nitric oxide; and from this follows the 
necessit)' of an excess of oxygen in the gas issuing from the 
chambers, since only this prevents the existence of nitric oxide 
in the same. Small quantities of nitric oxide may, hoivever, 
escape o>»idation even in the presence oxygen, and are hence 
found in the chamber exit-gases.. 

The solubility fif NO in sulphuric acid, although not )ii/, is 
extremely slight. (!1. Winkler already in 1867 .sinewed that ft 
is not absorbed by strong vitriol. Roll) also made experiments 
with acids of varying concentration (/>V///. Soc. Ind^]\Iulhousc, 
1872, p. 225), ;ind found that’acid of 1-841 does not absorb even 
tra ces o f NO ; acid of 1-749 1^^ i-^2i merely traces (2 to 6 mg. 
to 100 g. acid); acid of 1-426 absorbs 0-017 g- NO; acid of 
1-327, o-o$o g. NO to 100 g. My own experiments (/. Soc. 
Chen. Bid., 4885, ‘p, 447, and 1886, p. 82; also^/)£:;/ 1885, 
p. 1391, and 1886, p. iii),show that concentrated O.V. absorbs 
per cubic, oentimetre**()nly O-0000593 g. ~o-c^5 c.c. NO, and 
acid of sp. gr. 1-500 finly Tialf that quantity.* , 

hi the presciuc of oxygen nitric oxide is absorbed by sul- 
phuric acid (Hussy, Winkle^); but then it is t'caWy nitrous Scid 
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which is absorbed ; and Winklf»r was the first to prove that it is 
precisely the presence of sulphuric acid which causes the oxida- 
tion not to proceed beyond the formation of nitrous acid, the 
latter combining afterwards with the sulphuric jicicl to form 
nitroso-vsulphi ric acid and water : — 

2SO,(OII),-i-N,0,--2SO,{OI{) (()N 0 ) + h,o. 

In several of the above-quoted papers I have given clear 
proofs of the same fact, viz., that on passing nitric oxide, 
together with a very large cxce.ss of free oxygen, through 
strong sulphuric acid, nothing but nitroso-sulphuric acid is 
formed, which means that 2NO take up only lO but once out 
of the range of the acid, immediately above it, the reaction 
2N()-f N,Oj sets in, and this compound, when afterwards 
meeting sulphuric acid, yields equal molecules of nitric acid and 
of nitroso-sulphuric acid (zvV/c infra). 

Nitrous Acid. — Real nitrous acid, IINO^, is not known^in 
the pure state, only in that of dilute solutions. When dissolving 
nitrous anhydride, N.p>, in water, some nitrous acid i'^ formed 
and rcrtiain,s 'dissolved in the excess of water, but much of it 
splits up according to the formula : — 

3N(),I1- 2N() + N()JI I 11 , 0 . 

The anhydride, N^O., also called nitrogen trioxide, is known 
as a dark blue liquid which boils below o' ( '. VVitlorf(Z. anorg. 
Chon., xli. cS5) has obta^^ned N.jOj in the crystallised stfde. I'he 
vapours immediately dissociate for the most [)art into NO and 
NO., (with more 9r less N., 0 .j, according to femj)eraturc), but a 
small quantity* of N^O.^ evidently exists even in the state of 
vapour. We shall noh here enter upon the much debated 
question concerning the existence of N.,0;. in the gaseous state, 
but merely quote the litcratiy'e : Luck {Bcrl. Jicr^, 1H7S, pp. 1232 
and 1643), Witt {ihid., p. 2i<'?8), Ramsay and Cundall (/. Chon. 
Soc., xlvii. pp. iiS/, 672), Lunge (//;/>/., p. 457 ; Z. anor(^. Chon., 
vii. p. 209)^ Dixon and Peterkin {^Proc. Chon. .SV., May 1899, 
p. 1 15). H. Br^reton Baker and Muriel Ikiker [Trans. Chon. 
Soc., 1907, xci. p. I862) have shown that in the dried condition 
gase(jus N.^Oy cai! be m^)st certainly obtained. ‘ * 

Although ther^ ft no doubt about the fact that most of the 
I “ nitrous vapours,” formerly considered as N./).^ in the state of 
gas** or vapoLn> is in reality princijially a mixture of nitrogen 



333 


SUIjPHUUIC ACID , 

* , 

oxide (NO) and [)eroxidc (whicL, for the sake of simplicify, we 
shall in tl^is case consider as NO.J, with very little 
we must bear in mind the equally undoub]:ed fact tiiat a 
mixture of Jqual molecules of NO and NO.^^behavcs in all its 
reactions towards other chemical compounds c.cactly*as if it 
were N^O^. When passed into an alkaline solution, it quantita- 
tively yickls a nitrite : 

2NaOI I + NO + NOo - 2NaNO, + Tl'o. 

When brought into contact with concentrated sulphuric acid it 
is quantitatively converted into nitroso-sulphuric aci,d : 

‘2II .SO, + NO + NO, - 2SO-Nn + I f.O. 

We have, therefore, the right to assume that such a mixture 
of equal molecules of NO and NO.^ (Iieinically comes to the 
same thing as gaseous N.A, ; and ‘we shall throughout this book 
simplify jnany (jf our explanations and discussions by speaking 
of the above mixture as'N._, 0 .„ although *f>hysically it is mily a 
mixture* of NO and NO_,, We are all the more entitled to do 
this, since there is no doubt that so}iic N.,0^^cxists in the 
gaseous state as such, and since, according to the law of mass 
action, this N^O, must be constantly reformed when taken away 
by some chemical reaction. 

1 have all the more right to take this line, since everybody 
speaks distilling sulphuric acid orj subliming ammonium 
chloride, although we know that or/ distillation nearly all 
sulphuric acid is sjilit up into SO,, and which recombine 

on condensation [cf. p. 287), and ammonium chlqride in the 
state of vapour is mostly = N IlCl. * 

Nitrous afihydridc (jUtrogen trioxidc^^ N./J^, dissolves in sul- 
phuric acid, all^thc more easily when the latter is coffeentrated, 
but also, as we shall see, when it dnitalns a certain amount of 
waffff^The reaction taking place is this: 

V , 2n,S0^ + N,0,-2SChN 11 1-11,0. 

Rammelsbei% asserts that when nitrous anhydride is 

employed in excess, mtric*acid and nitric oxide are also formed : 

' ’ 1 1 , 80 , 2 N, 0 !, - SO,NH -f.l lNO,-f 2 NO ; 

but this reaction only takes place in presence of water, and the 
formation of nitric acid anc^ nitric oxide must* be# regarded ifs a 
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secoivjary reaction, owing to ^ the well-known action of free 
nitrous acid on an excess of water. Where there, is enough 
sulph^uric acid and no excess of water, Rammelsberg’s reaction 
does not come int^> pJay. 

The' com/jound formed by the action of nitrous acid on 
sulphuric acid possessing the empirical formula SO^N II, has 
long been known, both in the solid state, as “ chambcf-crystals,” 
and dissolved in an excess of sulphuric acid, as “ nitrous-vitriol ” ; 
but its true C(jmposition as nilyoso-suIpJuiyic acid has only 
comparatively recently been elucidated. 

The easiest way of preparing the cJianibcy-oycitals in a state 
of purity is by conducting sulphur dioxide into well-cooled 
fuming nitric acid until the whole mass has been converted into 
a magma, but not until the nitric acid has been entirely decom- 
posed, and drying the crystallised mass on a porous slab under 
a bell-jar over some oil of vitriol. Obtained in this way,„or 
collected in the connecting-pipes of jdtriol-chambers or other 
places where there is a deficiency of steam, they, consist 
of four-^dded , .prisms or orthorhombic crystals ; but generally, 
when prepared on the small scale, they appear as a scaly, 
feather-like, or granular mass, colourless and transparent. 
Their fusing-poijit is stated by Weltzien = 73 , by (laultier de 
Claubry — 120 to 130' ; but they are [)artly dec(.)mposed before 
fusing, with evolution of red fumes. 

The composition of chamber-crystals was formerly iiiicertain ; 
the question was, jii the language of the older chemists, whether 
they were a^compound of sulphuric acid with nitrogen peroxide 
or with nitrous acid (nitrogen trioxide). Muller {^Ann. CJiini. 
anal.^ exxii. p. i) still pn^nounced for the former; but R. Weber 
proved in'"! 862, and more rigorously in the following year, by 
estimating all their constituents according to uiiexceptionable 
methods, that their formula must be constructed on the. .’^.''ond 
supposition, llis results were as follows : — 
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This formula has also been confirmed by Michaelis, and 
Schumann 1874, p. 1075), who at the same time main- 

tained, from the products of the decom[)osition of chaihber- 
crystals by phosphorus perchloride, that the compound whose 
molecular wci^dil has to be halved must be h'cgarded as 
Oil ’ . 

7 ikros?i /phobic add, — that is, as sulphuric acid, one 

of whose hydroxyls is replaced by the nitro ^rdiip, or as nitric 
acid, for whose hydroxyl is substituted the sulpho group. This 
mode of explaining the constitution of that substance cannot, 
however, be strictly maintained. Both from its foriliation and 
the decomposition, it is certain that it does not contain the 
nitro group NO2, but the nitroso group* NO. Its formula must 
therefore be written : 


^SO, orS(b(<)n)(()NO), 

aiul it i7i*ust be called nj^trosyl sulphate, c<)r nitrosyl-siilphiiric 
acid, or nitroso-sulphuric acid, which means sulohuric acid, one 
of whose hydrogen atoms is replaced by the nitroso group, that 
is the radical of nitrous acid, NO(OH). It is a mixed 
anhydride of sulphuric and nitrous acid, as is proved both by 
its formation and its decomposition by water. 

Jurisch gives to the chamber-crystals (“ Weber’s acid”) the 
formula • fL.O, 0,S, SO,, 0,N.,. 

There^xists also a complete anhydnylc of nitroso-sulphuric 
acid, of the empirical formula, Ni^O,, 2SO3, which is rationally 
written : ^ 


NO 
SO, 
SO / 


:o 


NO. 


but this is only formed by mixing liquid sulphur dioxide and 
nitrogen t(Jtro«ide in the cold under [)ressure (IVovpstaye), or 
sulphuric anbydricle with dry nitric oxide (H,. Rose), or by 
heating sulphuric anhj^dridc with nitrogen tetroxide (Weber), 
none of which reactions are possible in the manufacture of 
sulphuric acid. • 

Neither is this the case wjth the compound produced by R. 
Weber {Poggend Atmalcn, dxii. p, 602) by conducting sulphuric 
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anhy,dridc into the most hii^hly concentrated nitric acid, which 
nas the empirical formula N./)-, 4SO_;, , 

Nitroso-siilphuric acid is funned not merely as above 
indicated, but gi many other ways. VVe have already 
mentioned itl formation from sulphur dioxide and nitric acid : 

SO, HNO,ir-SO,( 01 l) (ONO). 

It is also formecj when a mixture of strong sulphuric and nitric 
acids is heated, oxygen being evolved (A. Rose, and later on 
Lunge, if. p. 343) : 

,\ I .SO I -I- H N( ) , - S( ),,((.) 1 1 ) (ONO) + 11,0 + O. 

On the other hand, sulphur dioxide can form that compound 
even with the lower oxides of nitrogen, if there is water and 
(except with N^O^, where this is unnecessary) oxygen present. 
In the perfectly dry state sulphur dioxide does not act on the 
dry nitrogen oxides; but' in presence of the smallest quantity 
of water “chamber-crystals” arc formed, if SO^ meets with 
N.^ 0 ^, or with NO or N^O.. and oxygen. Winkler has shown 
that, ip an atmosphere of moist carbon dioxide, nitrogen 
trioxidc does not form chamber-cr)Lstals with sulphur dioxide, 
but nitrogen peroxide does so, and he distinguishes N^Oy and 
in this manner. The fumes of N/T, with an excess of 
S0.2 and II.XJ, but in the absence of oxygen, give no chamber- 
crystals at all ; they are decolorised, nitric oxide and sulphuric 
acid being formed. f<f oxygen or air is admitted,' chamber- 
crystals instantly appear, andrthis is also the case when nitrogen 
peroxide meets ^sulphurous acid in the '"presence of water. 
I'hese obslsrvations of Winkler’s have been repeatedly con- 
firmed ; but we must npw add that what he called “ fumes of 
N.,03” is in reality mostly a mixture of equal molecules of NO 
and NO.3, behaving chcii^jcallj’ like N.^Oy. 

As some points had not been entirely cleared up by jirevipus 
investigators, and there were partial contradictions among their 
results, I undertook a new investigation on the bi^eraction of 
sulphur dioxide and nitric oxidc^ ivith or ivituoiit the presence of 
water {Bert. Ber.^ xiv. pp. 2196 et seqf which led to the following 
results: — 

I. Dry NO and SO^ have no action upon one another, be it 
at the ordinary temperature, or at 50'’ or at lOO ’, provided that 
air and moisthre are rigorously excluded. 
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2. NO, SO.M and water act in such a way that. as much N .,0 
is formed as corresponds to the quantity of SO., originally 
present. A reduction down to N could not be cst?hlished.* 

3. If NC and SO., meet in the presence dilute sulphuric 
acid, of sp. gr. 1*455, no reduction of NO to N.,G takes place, 
even when there is a very large excess of SO., present, whether 
tITfe digestif)!! be carried on for many hours at ordinary tempera- 
ture or at 6o^ Even with acid of sp. gr. 1-32 no reduction of 
NO by SO.^ could be establi.shed. 

4. If NO, SO.,, and oxygen meet in the presence of water, a 

slight but distinct reduction down to N.^O takes place?. If, how- 
ever, in lieu ol* water, dilute acid of sj). gr. 1-32 is employed, no 
such reduction can be observed. * 

The bearing of these results on the theory of the chamber- 
process will be disciKssed later on (Chapter VII.). 

A further iiwestigation by myself fAV;*/. />Vr,, xviii, p. 1384; 
J. tliL'i/L xlvii. p. 465^ confirmed the aJoove re.sults. It was 
shown that in the dry state nitric oxide combines with an excess 
of oxygen to form N./.), exclusively, or nearly so; dry nitric 
oxide in excess with oxygen yields N.X). along with N.X)4; in 
the presence of water, NO with an excess of oxygen is altogether 
converted into nitric acid. If, however, NO meets 0 in im- 
mediate contact with concentrated sulphuric acid, there is no 
formation of either N.^Oj or IINO^ even with the greatest 
excess of* oxygen ; oxidation proceeds only to the stage of 
NX)., which, however, is not formed in the frpe state, but is at 
once converted into Tiitroso-sulphuric acid : 

2 SO,I I, + 2 NO -I- O -*280, (OH) (ONO) + H.,0. 

Outside the immediate contact with the acid the reaction is 
again as befor(i> with dry ga.sbs, viz. 2Np + 0.^= N.^O,j ; that is, 
here NO is oxidi.sed to a higher state than within the sulphuric 

acicr' ^ 

A very elaborate investigation of the interaction between 
nitnnis and .‘iulphiM'ous acid was published by^Raschig (Lied. 
A}in., ccxli. pp, 161 et seq\ lie found a numoer of new com- 
pounds, and Kcctified some of the statemenp of IVemy and Claus 
concerning ctmipounds foi^mcrly described by.th’em. He also 
discovered a very convenient method of preparing hydroxy- 
lamine. But as nearly all ,Raschig’s exijeriincnte were m^e 

V 
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withi alkaline, solutions, and those which were performed with 
acid solutions were made under conditions utterly different 
front those of at lead chamber, namely at the freezing-point, we 
cannot stop to giye any details of his results. Under the just- 
mentioned circumstances, apart from N^O and NO, amidosul- 
phonic acid, hydroxylamine, and ammonia are observed, but 
only in small quantities ; and above the low temperatuies 
employed by kaschig the occurrence of those substances is 
altogether too uncertain and minimal to be taken into considera- 
tion for our purposes. 

Action of zvatcr on cJuinibcr-crystals . — These crystals are very 
deliquescent; they absorb water rapidly from ordinary air. In 
contact with a little rt\ore water, they dissolve quickly with 
evolution of heat, much nitric oxide being given off. When 
introduced into a large quantity of water, they dissolve without 
visible evolution of gas ;■ but in point of fact nitric oxide is 
formed as well, also ritric acid, together with nitrous acid. This 
has led to many attempts at explanations, and Rammelsberg 
and Philipp have asserted that exactly ] of the nitrogen appears 
as NO, as nitrous acid, and J as nitric acid : 

i 6 SO >(011) (ONO) + 911 ,0 - 1 6S0 , 1 lo + 4 NO 
+ 2N0,(0II)'4-5N,0,. 

Hut dthis complicated and very unlikely reaction need not be 
assumed at all. Every fact observed in this conneot-ion can be 
quite simi)ly explained by tht; following reaction : 

.S0>(0[I)(0N0)+ H,()-S(),IE4 NO(()lI); 

that is, nitruso-sulphuric acid lakes u[) the elements of water, to 
form sulphuric acid and nitrous acid ; the latter, as is well 
known, is unstable in the presence of an excels of water, and 
hence partly splits up into nitric oxide and nitric acid ^ 

3NOdI-NO,ll-i-2NOH- H ,0. 

, “ ' - 

In the presence of less water, nitrous anhydride 'can be formed 
from chamber-crystals, and escapes k\ the shape of brown fumes 
(of course mostly dissociated into" nitric oxide and peroxide): 

2Sd;(()i I) (ONO) + 11,0 - 2S0 jH.> + N,03. 

I'or nearly eVery pu^;pose' nitroso-tulphuric acid or its solution 
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in sulphuric acid may be regarded as a solution of nitrou: acid 
in sulphuric acid. 

The behaviour of nit roso-sulpli uric acid Umar is sulphurd acid 
of various concentrations is of great interest^ for our [)urposcs. 
In concentrated oil of vitriol the crystals dissoiv^e eaSily and 
without decomposition. This solution :s stable enough to be 
distilled ^^^thout losing any nitrous acid, whilst the isolated 
crystals ai‘e decomposed on being gently heated. I have shown 
(Z. ange 7 V. CheuL^ 1888, p. 661, and 1890, p, 447) that on distilling 
such a solution for four hours, when 40 per cent, of the sulphuric 
acid had passed over, the distillate contained only *5 per cent., 
the residue 95 per cent, of the nitrous acid, none of it having 
been destroyed. It is possible to obtaii* solutions of 1-9 sp. gr. ; 
they evolve with water nitric oxide, inname phosphorus at 62 ’ C., 
oxidise sulphur and many metals on distillation with evolution 
of heated* with ammonium sulphate to i Co' they evolve 
nitrogen gas. vSulphur dioxide evolves nittdc oxide ; but a solu- 
tion of nUroso-sLilphuric acid in strong oil of vitriol (of 170^ Tw.), 
even on long-continued treatment with dry sulphur dioxide, is 
only incompletely decomposed, and on addition of water still 
shows the presence of nitrous acid by the evolution of brown 
vapours. This explains the fact (well known to manufacturers) 
that c aiccnt rated ^u\]p\\\\nc acid contaminated by nitrous acid is 
only wiih difficulty [)urifled by sulphur dioxide, At a higher 
temperature sulphur dioxide decompose^ chamber-crystals with 
evolution of nitroLus oxide (Fferny). Further statements 
respecting the behaviour of sulphur dioxide towarchi tjie solution, 
of ch.imber-crystals in sulphitric acid, the so-called “nitrous 
vitriol,” will be made wten examining the process going on 
within the Glover tower. It is^ remarkable, and of gre^t import- 
ance for the practice of sul])huric-ac’d nraking, that even dilute 
acid’ “^070 down to 1-55 sp. gr. dissolve the cr\\stals in the 
cold without decomposition ; the decomposition only commences 
when the sjlOciSc gravity of the dilute acid has fallen below 1-55 
— that i.s, below the density of ordinary chamber ?icid. 

Nitrogen peroxide} vvhetTier in the state of a liquid or a gas, 

‘ We shali ^»^enerally give tlfis name to life com^oiyid* formerly called 
“hyponifric acid ’’and now sometimes “nilrogen tctroxide ” or “ nitrogen 
dioxide.” It is generally assumed daat in the gaseous sCite .it consists 0^ a 
mixture of molecules of N02and of varying pioportions, according to 
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strongly acts, on sulphuric c'fcicl. If, according to Weber, 
nitrogen peroxide, made by gently heating fuming nitric acid 
[and’ therefore not (|uite free from nitric acid], Ije added to sul- 
phuric acid of diffpient degrees of concentration, tht following is 
observed: — The strongest oil of vitriol, down to 17 sp. gr., 
absorbs the nitrogen j>:iroxide without coloration. Acid of 1*55 
turns yellow ; here the nitrogen peroxide is probabty absorbed 
to a large extent similarly as by nitric acid, and no decomposi- 
tion, as represented by the equation on p. 341, has taken place, 
while this has to be assumed in the case of the stronger acids. 
Acid of 1-49 turns greenish-yellow; of 1-41 intensely green; 
acid of 1-31 turns blue and evolves nitric oxide, which on apply- 
ing a gentle heat e.scapes with violent effervescence. Weak 
acids are only coloured for a .short time. From this Weber 
inferred: — that acids of i-8 to 17 combine with nitrogen per- 
oxide with formation of nitroso-sulphuric acici ; weaker apds 
simply absorb it ; and the more dilute acids decomp6.se it with 
formation of nitric oxide, nitrous acid, and nitric arid. The 
action of sulphurous acid on these mixtures is different accord- 
ing to their concentration. As mentioned above, the solution 
of chamber-crystals in concentrated sulphuric acid is but incom- 
pletely decomposed even by a prolonged action of sulphurou.s 
acid; but the yellow mixture of 1-55 sp. gr. and the coloured, 
mord dilute, acids are flecomposcrl with strong effervescence of 
nitric oxidt:. It will be shown afterw'ards what paFt all these 
reactions play in.Uie recovery of the nitrous gas in the manufac- 
ture, where; the (ibject is first to absorb the gas in sulphuric acid 
of 17, and then again to liberate it from that solution. 


the teinperature. 

At a 

low* lemjjeraluie, especially 

in the li(|uid state, it is 

above 

140' - 

N()j. Tlie foj lowing are 

the intermediate [uo- 

portions : — 


** 

t' 


e 

r<T rout. 

Tn cciiL. 



N.O, 


At 

26-7 

80 

20 

„ 

39-8 

71 



() 0‘2 

47 

..53 


<8o-6 


77 

n 

135 * 

I 

99 


The formula* as agUin ni<iint.iineVi by Piloty and .Schwerin {Ber,^ 
1901, pp. 18S7 and 2354), but Divers {Broc, C/tem. Soc.^ xix. p. 283) declares 
th'' true formula to, be NO.^, vi/.^, O : N (?, that is trivalent nitrogen combined 
with an ordinary bivaleiV and with a unAjaletit oxygen atom. 
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Winkler gave a different acceiint of the behaviour of liquid 
nitrogen peroxide fro*m that of Weber. He stated that it may 
be mixed with sulphuric acids down to 142'' Tw., but tl!at it 
yields a soliuion totally different from that of chamber-crystals 
in sulphuric acid, viz., a liquid of yellow colour a.^d constantly 
evolving red fumes. On heating^, it ePerve.sces and gives off 
stTeains ofigaseous nitrogen peroxide; if the mixture is made 
with sulphuric acid of 142"' Tw., the NO^ completely volatilises 
far below the boiling-point of sulphuric acid, .so that the residue 
on dilution with water docs not decolorise potassium per- 
manganate. If, however, acid of 170” Tw. has been* emplo)'ed, 
the liquid on 'heating certainly yields up the larger portion of 
its NO., ; but the residue behaves like*a solution of chamber- 
cr}’stals in sulphuric acid, and on being mixed with water it 
evolves red fumes which can be prqved to be NX.).,, not NO.,, by 
thejr not forming any chamber-crystais with moist SO.,. 

Tlierc'arc .some essential differences bcjK:wcen the statements 
of Weber and those of Winkler, more especially so far as the 
behaviour of nitrogen peroxide is concerned, which were .cleared 
up by my own researches (sec below). 

If concentrated sulphuric acid is mixed with a little concen- 
trated nitric acid, and sulphur dioxide is passed into the 
mixture, the nitric acid in the cold is only reduced to nitrous 
acid, .vhich remains combined with the sulphuric acid * this 
compound resists the further action rf the sulphur dioxide 
in the same way as the solution jxcpared from concentrated oil 
of vitriol and chamber-crystals. On tlie other hand, more dilute 
mixtures of sulphuric and nitric acid, below 17 sp. gr., are more 
or less easily decomposed by SO.^, in the ratio of their dilution. 

Since the labours of Weber and Winkler did fiot in all 
points agree With one another, an(i tly> subject seemed to call 
for n not, her investigation, I undertook a long research {^DingL 
polyt, J., ccxxxiii. p. 63), the conclusions of which (also published 
in the BcrL*dic^., xii. p. 1058) are as follows : — , 

I. Nitrogen perT)xide, under ordinary circumstances, cannot 
exist in contact with sulphuric acid, but at once splits up into 
nitrous acid, 'which, with apportion of the. sulphuric acid, yields 
nitroso-SLilphuric acid and nitric acid (Jisilolving as such) 
thus : — 

Np, + SO ,(OI I), f>0.,(0H) (UNO) I NO ,lT 
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2ft Nitrosorsulphuric acid, ron dissolving in an excess of 
siflphuric acid, forms a colourless liquid, but on,1y up to a 
certain limit of saturation, which is all the higher the more 
concentrated the sulphuric acid. This limit for a^id of sp. gr. 
1-84 is ‘not yet reached at 55*34 mg. N.^03=i85 mg. SO., (OH) 
(ONO) in I c.c. of acidt 

3. Beyond that limit at first a yellowish tint Cippears, *of 

course with stronger acids only when more nitroso-sulphuric 
acid is present than with weaker acids. This took place with a 
mixture of sp. gr. 1-887 (made from pure sulphuric acid of 
sp. gr. 1-84), containing in i c.c. 147 mg. NT);j = 372 mg. 
SO.,(OI I) (ONO), and also with acid of sp. gr. 1-706, containing 
in I c.c. only 56-7 mg. N./Xj^ipo mg SOo(OII) (ONO). Since 
these acids also arc rendered colourless by prolonged boiling, 
the excess of nitroso-sulphuric acid seems to be rather loosely 
held ; but the temperature of the water-bath is oot sufficient to 
affect it. ^ 

4. I'he phenomenon observed by Winkler, a mjxture of 
strong witriob and nitrogen peroxide showing an orange-colour 
even when cold, emitting red va[)ours, and exhibiting a 
tempestuous evolution of nitrogen peroxide on being gently 
heated (which proves the existence of unchanged nitrogen 
peroxide), can evidently lake place only when the mixture 
contains far more N.,Pj than the strongest mentioned above, 
or the strongest ever ^)ccurring in sulphuric-acid wbrks under 
any circumstancc.s. Many experiments of heating in the water- 
bath for a prolcmged period demonstrate the absence of free 
N.,(),, in all Tascs observed. Still less can the presence of 
nitrogen peroxide be;,a.ssumcd in more dilute acids; it is 
tlierefore inadmissible to cite it as such in analyses. 

5. All nitrous vitriols, />., solutions of nitros’o-sulphuric acid 
in sulphuric acid, whether they contain nitric acid at flg e sPine 
time or not, on being heated far below their boiling-point 
assume a. golden-yellow or even darker yellow* colour, but 
entirely lose it again on cooling. This change of colours may 
be repeated any, number of times. It hardly indicates a 
loo.sening of ,the combination, sin<^e this proves ^o be very 
stable even at rrfucfi higher temperatures ; but it may rather be 
compared to the deeper colour y^bich ferric-chloride solutions 
assume on being heated. 
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6. The stability of nitroso-splphuric acid in its solution in 

sulphuric acid is ver/ great, even at the boiling-point, piovidic^ 
the sp. gr. is not below 170. It is true that on boiling itifiome 
nitrogen is c*lways lost, and all the more the less concentrated 
the acid is; but if the boiling takes place so thnt the. vai)our 
cannot condense and flow back, there is some nitroso-sulphuric 
aJid fouriil in the residue, even from acid of sp. gr. 1-65 [cf. p. 
339). But if the vapour is condensed and the condensing liquid 
(which, in the case of vitriol of sp. gr. i-8o or below, consists of 
very dilute acid or almost pure water) is allowed to flow back, 
a considerable loss is caused by denitration. • 

7. Down \o a concentration of sp. gr. 1*65 the affinity of 
sulphuric acid for nitrous acid, /.o, the trndenc)' to the formation 
of nitroso-sulphuric acid, is so great that any nitric acitl present 
at the same time, whether added as such or formed by the 
decomposition# of nitrogen peroxide, is reduced with loss of 
oxygen, ^ind employed t(^) form nitroso-j^ilphuric acid. In the 
case of ^acid of sp. gr. 1-71 and u])wards, this transformation 
takes place almost completely after a brief boiling, but at s[). gr. 
1*65 only incomf)letely. This is a further argumeiu against the 
existence of in the solution. 

8. I 3 elow sp. gr. i'65 the nitroso-sulphuric acid possesses so 

little stability that, for instance, from acid of sp. gr. 1-60 some 
nitrogi n oxides (but only a very small percentage) are c.^)elled 
in the waccr-bath, and nearly all of them by boiling for a short 
time. In the case of acid of sp.*gr. 1*5, it is evident that, even 
without heating, th? nitrous acid added is partly decomposed 
into nitric acid and nitric oxjde ; but after heating'for an hoilr 
in the water-bath a considerable quantity of nitroso-sulphuric • 
acid remains undecomposed, whilst another portiuy has been 
converted into sulphuric acid.* In the c^isc of still weaker acids, 
of course these phenomena occur even to a greater extent ; but 
it is very probable that even very dilute sulphuric acid may 
contain, while# cold, a little nitroso-sulphuric acid if rcducing- 
agents arc absent.* ^ 

9. Most of the nitric, acid present together with nitroso- 
sulphuric acid in dihue acidft (of sp. gr. j-5 and below) remains 
behind in the licjuid even after prolonged bT)ilin^. If, therefore, 
the nitrous vitriol of acid-works, in conse(|uence of a faulty 
process, contains nitric together with nitrous acid, it cafinot 
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possibly be completely denitrgted by hot water or steam, in 
t^'hich ckse a lower strength than sp. gr. 1-5 is never reached ; the 
denitration can only be effected by rcducing-agents, such as 
sulphur dioxide' in the Glover tower or mercury X'l the nitro- 
meter. . In tl:^ latter it can be very clearly seen with how much 
more difficulty and slowness the denitration goes on in the 
presence of nitric acid. t ^ 

10. The tenckney to form nitroso-sulphuric acid is so strong 
that even on passing a large quantity of air (oxygen) through 
sulphuric acid together with nitrous acid, no oxidation of N./)4 
or N.,0,, takes place, jirst as in the case of oxygen and NO. 

1 1. Nitrous acid cannot be absorbed by caustic-soda solution 
without loss, because a portion of it is decomposed into nitric 
acid and nitric oxide. 

12. The purple colour which is developed in nitrous vitriol 
by the action of reducing-agents is caused by a solution^ of 
nitric oxide in such ^cids, and is possibly produced by a very 
unstable compound of nitrogen and oxygen, midway between 
NO and N, 0 ., 

Although my experiments had decidedly proved {cf. Nos. i 
and 4 of the just-quoted conclusions) that nitrogen peroxide 
does not dissolve as such in sulphuric acid, with formation of 
an unstable solution from which the N.2O4 can be drawn off by 
heatiqg, the former erroneous assertion of Winkler (since that 
time recognised as su^h by himself) did not vaAish from 
chemical literature, and, for instance, gave rise to a decidedly 
erroneous explanation of the process of Lasne and Eenker for 
Carrying oi\ the work in the Gay-Lussac tower. This caused 
< me to investigate the subject once more (AVr/. Arr., xv. p. 488). 
I pointed out that mixtures of pure nitrogen peroxide wdth even 
.somewhat dilute sulphuric acid, down to sp. gr. 1-65, behave 
quantitatively like mixed solutions of equal molecules of jjhrg^so- 
sulphuric acid and nitric acids ; that on prolonged heating in a 
water-bath such solutions in acid of sp. gr. 175 cW t>at lose any, 
and in acici of sp. gr. 1-65 only very little;'of their nitrogen 
compounds. On ‘‘prolonged boiling part of the latter escape.s, 
but a large quantity of nitroso-sulphuric' acid remair\s behind, 
more than that' otjgfnally present, part of the nitric acid having 
^ passed into it with lo.ss of oxygen. The idea of a “ loose ” 
* uni6n between N204 and 'sulphurir acid must therefore be 
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entirely abandoned; and from this follows the fallacy of the 
idea held by some* n .aiufacturers that N./)j is les^ 'ea;^/ly 
absorbed by sulphuric acid than N.X).., and that therefore 
much N, 0 ^' is lost in the Gay-Lussac tower. I directly dis- 
proved this idea by showing that vapours of* i .trogen peroxide 
arc most easily, quickly, and completely absorbed by sulphuric 
a^id of s^ gr. 171, such as is used in the Gay-Iaissac tower, 
and that this (colourless) solution is not changed cither by long 
heating to lOO"' or by passing a current of air for a long time 
through it. 

A concluding investigation on the" behaviour .of nitrogen 
peroxide to\Vards sulphuric acid has been made by myself 
together with Weintraub (Z. 1899, P- 393 ), 

which I here give merely a summary of the results. 

1. The reaction between sulphuric acid and nitrogen i)cr- 
oxidc is reversible, since the nitric acid formed has some action 
on nitro^o-sul[)huric acid^ forming sulphuric acid and nitrogen 
peroxide : 

II,SO, + N NH 1- HNO, , 

In mixtures of sulphuric acid and nitrogen peroxide an equili- 
brium is formed, all four substances — sulphuric acid, nitrogen 
peroxide, nitroso-sulphuric acid, and nitric acid — being present 
at the same time. 2. In contact with concentrated sijjphuric 
acid (95 Y>er cent. II., SO^) nearly all /nc nitrogen peroxide is 
converted into nitroso-sulphuri<j and nitric acid. The inverse 
reaction sets in t 5 a sensible extent only when very little 
sulphuric acid is present in comparison with nitric j^hid. 3. The 
affinity of sulphuric acid for nitrogen peroxide quickly decreases* 
with the increase of water, so that in the case of su[[:)huric acid 
of sp. gr. 1-65 ihe action of mtric acid gn nitroso-sulphuric acid 
begins to prevail ; therefore very i'nuch of the nitrogen peroxide 
added remains in the free state, although the quantity of IINO3, 
which is o»ly# formed by the reaction itself, is but small. 4. In 
the practice of .s*ulphuric acid manufacture, ^the quantity of 
sulphuric acid in the concentrated state .so largely prevails over 
that of .tbc nitric a'cid^ that all nitr^en 'peroxide may be 
practically regarded as quantitatively chai^eU into SOr.NII 
and IINO3. This, of course, also holds good when absorbing 
nitrous gases in concentrated sulphuric afcid for analytical* 
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purposes. ‘ Therefore the conclysions No. i and No. 4 (pp. 341 

342), although not mathematically exact, are to ^all intents 
and purposes valid. 

'file f elision 0)" nitrons acid in presence of dilute si^iphnric acid 
at differ Qnt toi^perdlnres is a matter of great importance for the 
theory of the forma'tion^of sulphuric acid in the lead-chambers. 
The first observations on this point were published^ by Sor 61 
(Z. angeiv, Cheni.^ 1889, p. 272) ; but these have become obsolete 
by the far more extended observations published by myself in 
ibid., 1891, })p. 37 et seq. The following taldcs (Nos. i, 2, 3, and 
4, see pp. 347-350) cons-tructed from the.se indicate the loss of 
N.^O.j suffered by acids of four different concentrations, contain- 
ing quantities of N., 0 .j va^'ying from i g. per litre upwards, in a 
current of air at temperatures from 50' to 90"^ ('. 

The behaviour of nitroso-sulphuric acid towards reducing 
agents is of the greatest importance, both for «the chamber- 
process in general and^Tor the recovery of nitrogen compounds. 
The most important of the agents in question h sulphur dioxide^ 
which acts as follows : — 

2SO ;(OTI) (ONO) + SO, + 2IU) - 3SOjH , + 2NO ; 

that is, it forms with nitroso-sulphuric acid both sulphuric acid 
and nitric oxide. This is the leading reaction of the Glover 
tower, as we shall see hereafter ; and it must also occur within 
the chambers, more espdjially in the first part of the sat. 

Sorel {Z. angezv. Cheui.., i 3 § 9 , p. 273) has shown that if a 
mixture of SO.^ and O is made to react upob nitrous sulphuric 
add and NO, tt\cre may be either a reduction of nitrous acid to 
«NO, or an oxidation of NO to N.^O.3 (in the shape of SOr,NH), 
according to variations in the following conditions: tempera- 
ture, dilution of the acid, proportion between SO^ and O, per- 
centage of NO. The extreml; ca.ses were well known before ;^,a 
reduction takes place at high temperatures, in case of scarcity 
of oxygen and excess of water ; an oxidation in c^sq of excess 
of oxygen, concentrated acid, and low temporaturos. For the 
intermediate cases^ Sorel made some special experiments, from 
which it followed iLh’at in identical rnixtufd.s an increase of the 
temperature froln , 7 C^' C. to’ 80" C. was sufficient to change the 
oxidation into reduction. At equal temperatures a reduction 
‘took' place when the gaseous mixture contained 31 per cent. 
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» 

I. M\‘i Irons Vitriol pf Sp. Gr. 20 {say per cent. 11,504), 


N'oOj origiTially 


Loss of NoO.. in grammes per litre at 

# 

liicseiit. 






Griiminos in 1 liLie. 

r.o' 

()0“. 

7 () 

* H(r. 

90 . 

• 1 





0*006 






0*0 1 8 

3 




• • • * 

0025 

4 





0*031 

5 





0*037 

b 





0.043 

7 

•• 



0*006 

0*056 

8 



• 

0*01 0» 

o*o68 

q 




0*012 

0*081 

lo 




o*oi8 

0*093 

1 1 



« 

0025 

0*112 

12 




0*030 

0*125 

13 



... 

0*031 

0*143 

14 




0*043 

0*l68 




0*006 

0*056 

0*193 

• 11) 



0 GJ'^ 

0*068 

0*218 


I 

0*00^» 

0*087 

0-250 

i8 

*1 

0*012 

o*ic6 

0*281 

•^9 



0*025 

0*125 

0*318 

20 



0*031 

0*1 50 

0*356 

21 



0*043 

0*^75 

0*400 

22 


•• 

0*064 

0*200 

0*450 

-3 


o*oo6 

0*081 

0*237 

0*500 

24 

0*006 

0*0 18 

0*100 

0*275 

0.550 

25 

0*012 

0*031 

0*125 

0*312 

o*6co 

2b 

0*018 

0*043 

0*150 

i 0-356 

0*66: 

27 

0.031 

0*062 

0*181 

1 0*400 

0.725 

28 

0*043 

o*o8i 

0*21 2 

1 0*450 

,0*800 

2r 

0*062 

0*100 

0-56 

0.500 

0*850 

30 

0*081 

0*125 

0*293 

1 0*550 

o*()56 

31 

0*003 

0*1 6a 

0*337 

i 0*612 

1-043 

32 1 

v^Il2 

0*200 

0*387 

j 0*641 

1.125 

33 

0*125 

0*237 

0 3()i 

0 * 74 ^ 

1*206 

34 

0*143 

9*275 

* 0-175 

c^8ot) 

1*2x7' 

35 

0*156 

0*312 

0*525 

0*868 

1-375 , 

39 

0*175. 

0*350 

"•575 

0.931 

1-456 

37 

0*193 

0*381 

0*618 

1*000 

1*543 


0*206 

0*4 1 8 

0*662 

I *062* 

1*625 

39 

0*237 

0*456 

3*718 

1*125 

1*712 

,40 

0*268 

0*500 

0-775 

M 93 

1*800 

41 

0*293 

0*543 

0*831 

1*256 

1*890 

42 

0*325 

0*587 

0*887 

1-331 

1-975 

43 * 4 

0*350 

0*631 

0*937 

1*400 

2*062 

44 , 

• 0*376 

0*675 

0*993 

1*468 

2*150 

45 

0*406 

0*712 

1*050 

« 1-537 

2*237 

46 

0*437 • 

0*756 

i*io6 

1 .606 

2.325 

47 . 

0*462 

, 0*800 

1*162 

1*675 

2.392 

48 

0*493 • 

0*837 

1^18 

1-743 

2*500 

49 

0*518 

0*88 1 

• 1*268® 

•1*806 

2*587 

50 

0*550 

0*9^1 

1-325 ^ 

1*875 

2*675 
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2. Ac‘d of Sp. Gr. i-Gfi 6 \siiy, 76 per, cent. II„SO|). 


N.jO{ originally 


present. 


tlrainincs in 1 litre. 

U‘. 

r 

8 


9 


lo 

1 

1 1 


12 


13 


M 

1 

15 


i6 

1 

17 


i8 

... 

19 


20 j 

... 

.1 j 

22 


23 I 


24 1 


25 I 

o-oro 

26 j 

0-012 

27, 

0-025 

28 

0-036 

29 ! 

0 

6 

on 

0 

30 

0-062 

31 

0-100 

32 

0-136 

33 

0-186 

34 i 

0-225 

35 

0-275 

36 1 

0-312 

37 1 

0-350 

38 ! 

C -400 

39 : 

0-436 

40 

0-486 

41 

0-550 

' 42 

0-612 

43 

0-686 

44 

0.750 

45 

0-825 

46 , 

0-886 

47 

0-962 

48 1 

1-025 

49 1 

I-IOO 


Loss of lu grammes per litre at 


()0\ 

70' 


O-OIO 


0-012 


0-025 


0-050 

, 0-010 

0-062 

0-012 

O-IOO 

0-025 

0-150 

0-050 

0-186 

0-075 

0-250 

10-II2 

0.300 

0-136 

0-350 

0-175 

0- 'OO 

0-200 

0-462 

0.236 

0.512 

0-262 

0.562 

0.300 

0-6 1 2 

0*336 

0-675 

0.362 

0 750 

0-412 

0-850 

! 0.462 

0-950 

1 0.512 

1.050 

1 0-575 

1.150 

0.625 

1.250 

r 0.675 

1-336 

0.725 

1-436 

1 0.525' 

1-536 

0-836 

1-636 

. 0-886 

1.736 

0.950 

1.850 

1-050 

1.986 

1-125 

2 .II.i 

1-212 

2.250 

r I -300 

2-325 

1-3 '6 

2.500 

1*475 

2.636 

1*512 

2.762 

1-650 

2.886 


/ 


SO'. 

!I0 . 


[ 0.025 ' 


0.036 

0 012 

0.050 

0-018 

0-062 

0-025 

0-086 

0-050 

0-125 

0.075 

0-162 

O-IOO 

0-225 

0-150 

0-286 

0-200 

0-350 

0.262 

0-.136 

0-350 

0-525 

0-425 

0-625 

0-525 

0-750 

o. 6 ;o 

0-975 

0-775 

, 1-200 

0.900 

1-436 

1-025 

1-602 

M75 

1.900 

1.300 

2-125 

1-436 

2.350 

1-575 

2.600 

1.700 

2-812 

1.812 

3.086 

1-975 

3-350 

2.100 

3-625 

2.236 

3-900 

2-362 

- 4-175 

2.500 

4*450 

2-625 

4*736 

2.762 

5-000 

2.900 

5*275 

3-025 

5*550 

3-150 

5*850 

3-275 

6.125 

3412 

6...jOO 

3-525 

6.700 

3-7o6 

6*975 

3 825 

7*250 

3-962 

• 7*536 ■ 

4.100 

7*825 

4-236 

8-100 


SO2, ro per cent. O, 59 per cent. N, but an oxidation with a 
mixture of 2 1 SO,;. i'2. i O. 66.9 N, etc. The reaction of SO, on 
nitrous sulphuric i^cid is nothing like so simple as previously 
assumed. If the acid exceeds the strength of 1.630, the SO, 
■does -not reduce tht N./f, to NO, but .forms with it and .sulphuric 
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3. Aiid of Sp. ilr. 1-633 71-5 A’'' HoSOj. 


NoOj ori^iiuSly 

Gramiiu's iii 1 litre. 

. 

Loss of N_, 

), III ^'ramiiies 

Iit-r litre at 

/ 


( 50 *. 

70 

80 

.. 'JO . 

• ^ • 

0-012 

0-025 

0-036 

0-100 

0-150 

2 

0-050 

0-075 

0-086 

0.225 

0-300 

3 

0 ‘ 1 C 0 

0-150 

0-186 

•0-350 

0-436 

4 

0-162 

0-212 

0-300 

0-536 

0-612 

5 

0-212 

0-300 

0.436 

0.736 

0-825 

6 

0-300 

0-425 

0.636 

I-OOO 

1-112 

7 

0-400 

0.562 

0-836 

1-275, 

1-425 

8 

• 

0-500 

0-712 

I -036 

1-550 

1-750 


0-600 

0-835 

1-236 

1-812 

2-062 

10 

0-700 

0-936 

iit 36 

2-086 

2-375 

1 1 

o-Soo 

1-125 

1-636 

2.350 

2.712 

12 

0-871 

1-262 

1.825 

2-636 

3-075 

13 

0-986 

1.400 

2-036 

2 -goo 

3-436 

14 

1-086 

1-536 

2-225 

3-175 

3-800 

15 • 

i-i86 

1-675 

2.412 1 

3 ' 4 .^o 

4-162 

• iQ 

1 1-275 

1.800 

2-612 

3-725 

4-512 

17 

! 1-375 » 

1-936 

2.78^ 

4-000 

i 4-886 

1 8 

1-475 

2-036 

2-975 

4.262 

: 5-236 


1-562 

2-250 

3-186 

4-550 

5 -600 

20 

1-662 

2-412 

3-400 

4-850 

5-986 

2 I 

1 

I -812 

2-612 

3-650 

5-i6- 

6.400 

1 22 

1-975 

2-S12 

3.912 

5.512 

6.862 

23 

2-186 

3-062 

4.250 

5.912 

7.425 

i 24 

2-436 

3-336 

4.612 

6.350 

8.036 

2 5 

2-700 

3-636 

5-000 

6-800 

8.662 

20 

3-000 

3-950 

5-412 

7-300 

9-362 

27 

3-312 

A -300 

5-850 

7-8i2 

10-150 

28 

3-662 

4-636 

6<,25 

8-400 

^ 1 - 0 (X) 

2>J 

4-025 

5-012 

6 Si 2 

8-025 

11-986 

30 

4.412 

5-412, 

7-350 

9-675 

13-125 

31 

4.800 

5-836* 

7-950 . 

10-386 

14-500 

32 

5-236 

6-325 

r 

8.75 j 

i 

16.362 


acid nitroso-sulphuric acid, so long as\herc is oxygen in excess 
and the atinc, sphere contains more NX)^ than corresponds to 
the tension of the acid in question at that special temperature 
( if . above). Otherwise reduction to NO takes place. Acids 
below spfgr.|i-6oo are able to fix N.p.5 under the same con- 
ditions, but' only At comparatively low temperatures; at higher 
temperatures there is r^xluction even in tiie presence of an 
cxce.ss of 0 and N./),,. 

■> I 

The previously mentioned blue dr purple formed by the 
action of reducing substances on nitroso-sulphuric acid, and, 
sometimes occurring in vitriol chambers^ is, according to 15urac-* 
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'4. Acid of Sp. Gr. \ 6o 69 per cent. H^SOJ. 


X).' oriKinally 


Loss nf in srainnif).? por litre at 


prcanrit. 
nint's in 1 lilro 

H 

'- 5 o. 

( 50 - 

70 ‘. 

S 0 “. 

- 

1)0’. 

1 

0-050 

• 1 * 

0-086 

0-175 

0-336 

0-412 

2 

o-ioo 

i 0-236 

0-436 

0-725 

0-912 

3 

0-325 

0-525 

0-775 

I -1 50 

1-500 

4 

0-562 

' 0-836 

1-250 

1-910 

2-100 

5 

0-812 

' 1-150 

1-500 

2-120 

2-700 

6 

1-050 

i 1*450 

i-yco 

2-500 

3-350 

7 

1-286 

1-800 

2-350 

3-100 

4-112 

8 

1-512 

2-150 

2-800 

3*725 

4-900 


J- 7 S 0 

I 2 -P 5 

3-250 

4-336 

5.686 

lO 

0975 

: 2-8i2 

3-712 

4-000 

6-475 

II 

2-250 

1 3-162 i 

4*436 

1 5*265 

7*300 

12 

2-512 

1 3-536 j 

4-675 

j 6.325 

8.125 

13 

2.786 

' 3 - 93 fi 

5*150 

7.012 1 

S.962 

14 

3-065 

4-250 

1 5*650 

7.700 { 

9-750 

15 

3-360 

1 .4-612 

6.125 j 

8 . 4^50 

11-625 

If) 

3-600 

i e 975 

6.612 

9*125 

1 11-462 

n 

3-862 

1 5*350 

7 *Joo 1 

9*525 

12-250 

l8 

4-150 

I 5*712 

7-600 

10-462 

13-136 

19 

t '42 5 

1 6-075 

8.086 I 

11-350 

^ 3 975 

20 

4-700 

i 6-425 

8-562 

11-850 

14-800 

- _ - 




! 
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zewski and Zbijewski, a product of the reduction of nitrous 
vitriol by S().^, which they call “nitrosyllc acid.” It can be 
reduced still further by SO^, as first asserted by VVentzki and 
then revoked by him {Z. aui^civ, Chcin., 1911, p. 39 J). This 
product would be hyponitrosylic acid” {Oc.stcyr. Chciii. Zeit..^ 
xiv. 235 ; Chein. GH ^ 19 h, ii. P- 

Another reducing* agent whose action had formerly been 
'overlooked is carbon^ in the shape of the coke employed for 
packing the Gay-Lussac tower. I have shown (/. Soc. Chon, 
[fid., 1885, p. 31) that coke has a very strong rcdifcing-action on 
nitric acid dissolved in sulphuric acid, which goes far towards 
explaining the fact that the ” nitrous vitriol ” from the Gay- 
Lussac towers never, except under altogether exceptional 
circumstances, cqtitains any nitric acid, even when considerable 
quantities of had been present iirdhe exit gasc.s. But the 
reduction goes further.; .some N.A^ .itself, in the' shape of 
nitroso-sulphuric a^'kl, is by the coke reduced to lower nitrogen 
oxides and is thus lost. This has been proved by myself in my 
^laboratory {Z. ange^u. CJiem.] 1890, p. 495) ; and as it is a matter 
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of importance, we give the re.^ults obtained in the following 
table : — 







rcrcentaKO decrease. 



Teni- 


Orifjiii.a! 



Material used. 


pftiature 

Timo 

(hours). 

pcrcentagH 

m 



1 . 

fifthe N.p.j 



" C. 


gr.ani 11108. 

{^FianimeM 

NuO,.. 

onj^inally 

present. 

• • 








I. 

Nitrous Vitriol of s 

P- gr- 08375 

• 


Gas Coke in lumps . 

• 

.5 

24 

18.93 

0-330 

I-71 

", * 


14 

2 

1S.92 

0 - 539 * 

2-86 

n M • 


70 

2 

19.30 

0-742 

3-84 

Oven Coke in lumps 


15 

24 

19-30 

0-285 

1-48 

1) 


40 

2 

18.92 

0-362 

1-91 

M )• 


70 

2 

19-30 

0-452 

2-34 

Gas Coke in powder . 

. 

15 

^4 

19.30 

0-790 

4.09 

M n 


40 

2 

• 

18.92 

0.858 

4*54 

n ‘ 


70 

2 

i6.22 

0-903 

5*57 

• 1) M 


100 


1<).22 

' 1-6 1 1 

28-43 

Oven ('okc in powder 



24 

i 9 - 3 <) 

0.379 

1-96 

)) 


40 

2 

1 18.92 

0 - 45 ^ 

! 2.38 

„ • „ 


70 

2 

16.22 

, 0.527 

3-25 



100 


16.22 

2.770 

, 17-08 


2. 

Nitrous A 

^itriol of sp. ^r. 1725. 



Gas C ikc in powdci . 


15 

24 

19-50 

0-333 

1-98 

)5 M 


40 

2 

19-50 

0-574 

# 2-94 

1, «n 


70 

2 

1950 

0-891 

4-57 1 



100 

2 

* 

^ 9-50 

3 - 4^0 

17-49 


Wo sec from it th.it at 40'’ C. two liours’ cbntacUreduccd the 
percentage of NoO.j by 2 4 to 4-5 por cent. ; at 70 ’ the reduction ^ 
sometimes went as far as 2.S per ccnt% Phe latcer temperature 
ought never t(^ occur in a Gay-Lussac tower, but it* does occur 
regularly in Glover towers up to the top. The conclusion is that 
cokc-pa^king .should be entirely avoided in Glover towers, and 
that it is not advisable even for Gay-Lussac towers {cf. 
Chapter Vi)* . 

Anai.y,sisV}F Sulphuric Acid. 

I 

Qualitatively sulphuric acid is alv?ays b^s^ rdtognised by the 
white precipitate of barium sulphide which it gives with barium, 
chloride, both in the free state and In the solutions of its^alts, * 



352 propp:rties of oxides and acids of sulphur 


even when very much diluted. Tin's precipitate mostly settles 
down as a heavy powder, but in extremely dilute liquids 
occasionally appears onl\' aflcr some little time as a white cloud. 
Barium sulphate, is practically insoluble in water _ solutions of 
salts, and free dilihc acids ; in concentrated acids it is a little 
soluble, especially bn Ijeatin^, also in concentrated sulphuric 
acid itself and in solutions of ferric chloride. On the othbr 
hand, in a very concentrated liquid free from sulphuric acid, but 
containing much hydrochloric or, especially, nitric acid, the 
addition of barium chloride may cause a precipitate of barium 
chloride itself or of barium nitrate, w^hich, however, is distin- 
guished from barium sulphate by its crystalline a[)pearancc, and 
even more by vanishing on dilution of the liquid ; barium 
selcniate is distinguished from barium sulphate by its solubility 
on boiling w'ith concentrated hydrochloric acid, and by its 
behaviour before the blow’pipe. The barium clboride reaction 
proves the presence of sulphuric acid either in its free state or 
in its salts. In order to find sulphuric acid in the jrec state in 
the presence of sulphates of acid reaction, either the alcoholic 
solution of the substances can be tested with barium chloride 
(free acid being soluble, but all sulphates insoluble in absolute 
alcohol) ; or the charring properties of concentrated oil of vitriol 
are made use of by evaporating the solution mixed with a little 
cane-sugar in a small porcelain capsule on the water-bath, and 
observing whether a blackening of the sugar takes place. This 
reaction, however, also takes place with the sulphates of very 
weak bases, such as alumina or ferric oxide ; nor can sulphuric 
ac^id be distinguished with certainty in this way from hydro- 
chloric or nitric acid; but in phosphoric, acetic, tartaric acid, 
etc, a very small proportion of sulphuric acid can be proved by 
this reaction. Another reaction for free sulphuvic acid, as well 
as for any other strong free 'acid, is that with methyl-orange : 
the latter does not change colour by adding metallic salts, but 
is changed by the smallest quantity of free sulphi\riG acid. 

In insoluble sulphates the acid is recognised by -fusing them 
with alkaline carljonates, or by boiling with concentrated solu- 
tions of the same Rnd filtering the .solution of the alkaline sul- 
phate formed thereby from' the insoluble carbonates, or with the 
, blowpipe, on charcoal, by the formation of sodium sulphide, 
according to well-known niethods. ^ 
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The quantitative estimation of /w sulphuric acid for technical 
purposes is almost exclusively effected by volumetric metho^ . or 
by the hydrometer. In both cases, of course, impurities will 
have a dist^' bing action ; but for technical pyrposes their influ- 
ence on the estimation of sulphuric acid may nea/ly aluays be 
neglected {cf. pp. 303 et seqi). Tht hydvometric estimation of 
suTphuric Acid has been already described in detail on pp. 299 
ct seq, ; and we shall here only point out again that the tempera- 
ture must not be neglected in this case. 

The volumetrical estimation of free acid generally takes place 
by means of a standard solution of potash, .soda, or ammonia. 
According to the degree of accuracy required, either a normal 
solution is used (that is, one containing* per litre an equivalent 
expressed in grammes), or a semi- or decinormal solution, etc. 

P’ormerly tincture of litmus was most frequently used as 
indicator. Litmus is not well adapted for working in artificial 
light ; in this the red appears ^almost as cUar as water, the blue 
like a dark violet ; but the transition from bright red into 
purple, etc,, cannot be seen with certainty, dhis can be 
remedied by monochromatic light, if the artificial light is 
coloured yellow by common salt: the red appears clear as 
water, the blue like deep black ; and the transition is even 
sharper than in daylight. 

JJtmus has, moreover, the disadvanta^ge that it is sensirtve to 
all weak a»Sids as well, and that it is deatroyed by sulphuretted 
hydrogen. If, therefore, carbonntes are to be tested with it, 
this must be done af a boiling heat, and the •boiling must be 
prolonged for some time. If any sulphides are present, an 
excess of acid must bemadded, and a]j the H^S expelled by 
prolonged boiling ; only then should the litmus be added, and 
the analysis fiiiLhed by retitrating. This makes the application 
of litmus^very troublesome in alkalimetry; in fact a real error 
is introduced by the necessity of long boiling, if this is done in 
glass vessels ‘vvlfich yield up some alkali thereby. ln«acidimetry 
this drawback is le.s^ felt, but only when the standard alkali is 
kept entirely free from carl^onates, which is very difficult in the* 
daily practict: of alkali wor^s.* ^ ^ ^ 

Phenolphthalein has in many cases taken tlfe place of litmus. 
It is one of the most sensitive, indicators knowi),and the cha^ige 
from no colour in acid soliftions to a d(icided pink when the 
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faintest trace of free alkali is present, is easily noticed even in 
art;iriciai light. But this indicator has tWo drawbacks: it is 
too Sensitive even towards the weakest acids CO^), and it 
fails in the prc^^ence of ammonia. The former /circumstance 
entails -cxacUy th’fe same difficulties as in the case of litmus. 
Hence, while pheiiolpbthalewi is the best of all indicators for 
titrating weak acids, it is decidedly inferior to methyk orange Vor 
the titration of alkalies containing carbonates or sulphides, and 
in the acidimetry of strong acids. 

The indicator which in alkali and acid works is now univer- 
sally employed is methyl-orajige} This is sulphobenzene-azodi- 
methyl-aniline, or the sodium salt of this compound : 

(SO,Na)(:yi,-N,~C,Il4 N(CH3)„ 

which is employed in an aqueous solution of i in 2000 water, or 
even more dilute, and a very small quantity ob the .solution is 
used for each test. It is best kept in a bottle with a perforated 
cork, a glass tube drawn out to a point and inserted in the cork 
serving as a pipette for regulating the supply. Methyl-orange 
is orange in* neutral solutions or in the presence of free alkali, 
but is faintly yellow in very dilute solutions, and no more ought 
to be added to the liquid to be tested than suffices to colour 
it just perceptibly yellow. In this case a single drop of fifth- 
normal sulphuric or hydrochloric acid will cause a transition into 
red. But when too much of the indicator has been added, so 
that the colour of the solution- is orange, the transition into red 
(or, rather, in this case into pink) is only g'radual, and the test is 
spoiled. Warm solutions behave in a similar manner. It is 
therefore a distinct rule to be observed with methyl-orange, to 
employ as little as possible of it, and to work always at the 
ordinary temperature. ^ This is made possible ’by the fact that 
methyl-orange is not acted" upon by weak acids, such as CO2, 
H^S, acetic acid, etc. ; and this is undoubtedly one of its most 
valuable properties, since the trouble and loss of.time in boiling 
the liquids, and the error introduced in the*case of glass vessels 
(which easily give up some alkali to the hot liquid) are thereby 
avoided. Both NaHCO.^ c^n be titrated directly in 

^ I have proposed this name for the indicator introduced by me, in lieu 
of the commercial names of Poirrier’s O’-ange No. Ill or helianthin {Chem. 
News, xliv. p. 288) ; and it has been gene. ally adopted. 
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the cold just as well as NaOld, the total available soda being 
always indicated. Sulphurous acid behaves in the manner 
explained supra (p. 275), that is, the compound Na.jSC^ is 
alkaline, NaHSO.^ neutral, to methyl-orange. Oxalic acid, as 
well as other strong organic acids, come in iJetwcen sulphurous 
acid and the strong mineral acids ; no sharp results can be 
obtained tvith them, and hence oxalic acid cannot serve as 
standard acid with methyl-orange. On the bthcr hand, am- 
monia, which cannot be, titrated with phenolphthalein, behaves 
quite normally towards methyl-orange, just like potash and 
soda. The normal sulphates of peroxide of iron, ahimina, etc., 
which give ah acid reaction with litmus, arc neutral towards 
methyl-orange, so that any free acid pfesent with them can be 
estimated by means of this indicator. 

Methyl-orange is destroyed by nitrous acid. Nevertheless it 
can be easily icmployed in titrating sulphuric or nitric acid 
containing nitrous acid ii^two ways: eithijr by adding the indi- 
cator shortly before the saturation is completed and quickly 
finishing the titration, or by supersaturating the aci,d with 
caustic soda and retitrating with .standard acid. 

Nitrous acid acts upon methyl-orange like a strong mineral 
acid, and is therefore completely saturated before the pink 
colour has changed to yellow, if there is not time for the colour- 
ing-matter to be destroyed. • 

The topjeolins, formerly recommended as indicators, are 
nothing like so sensitive as mcythyl-orange, and are best not 
used at all as indicators, especially since sevetal totally distinct 
compounds are comprised under this Lame, and the dealers do 
not always supply that which is really wanted. 

In the titration of sulphuric acid recovered from tjic “ vitriol- 
tar'' produced in refining petroleum, etc., all indicators yield 
erroneous (too high) results, as they are affected also by the 
sulphonic acids present (Hausmann in Petroleum^ 191 L p- 2301). 

Free sudphw'ic acid (including that contained in, commercial 
ferric or aluininiunt sulphate, or any other sulphate) is estimated 
by adding a drop of methyl-orange solution, which produces 9 
pink colour, ’and then adc^ng a standard •solution of alkali, till 
the pink tint has changed into pure fight yeWow. It is best to 
check this by reproducing the faint pink shade by means jjf a 
drop of standard acid. 
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The norma^l alkaline solutiQn itself is best standardised by 
means of a normal acid, be it sulphuric or hydrochloric acid ; 
and this on its part is best standardised by pure ignited sodium 
carbonate, which^ is easily obtained or prepared— Tor instance, 
by washing and igniting sodium bicarbonate. Since, by excessive 
heating, traces of sodium oxide may be formed, it is best to 
merely heat the bicarbonate at 300’ C. during art' hour. ''If 
sodium carbonate, bought as chemically pure, dissolves in water 
without any residue, and shows by the ordinary reagents no 
chloride or sulphate, or only unweighable traces of these, it can 
be used at 6nce for standardising normal acids after moderately 
igniting. If methyl-orange is used as indicator, this .round- 
about way need not be 'taken, especially at works’ laboratories, 
but pure sodium carbonate itself can be used as acidimetrical 
liquid, cither in a normal solution containing 53 g. per litre or 
in more dilute solutions. * The latter are more to be recom- 
mended, since the really normal solution causes efflcitescences 
of sodium carbonate at the lower ends of the burettes, etc., 
which (Joes not happen with semi-normal or weaker solutions, 
at least not for some time. 

Although it is more important in alkalimetry than in acidi- 
metry, we will here treat of the standard acid itself. As such 
many factory-chemists use sulphuric acid, but we recommend as 
more cuitable hydrochloric acid, both because it can be used for 
estimating alkaline earths as well, and because it admits of a 
twofold way of checking the .standard, either volumetrically by 
pure sodium carbonate, or gravimetrically’ by argentic nitrate. 
The, gravimetric estimatibn of sulphuric acid by barium chloride 
is nothing like so accurate as the estimation of If Cl in the shape 
of AgCl. tOxalic acid, most strongly recommended by Mohr, 
and formerly used by va^y rr^any chemists, has g'l'-eat drawbacks. 
It is extremely difficult to prepare in the perfectly pure and dry 
state, without losing some of the water of crystallisation ; it does 
not keep ip weak .solutions, and it cannot be '"nr/ployed with 
methyl-orange.,. ° 

For .standardi'sing normal acids, sometimes a solution of pure 
sodium carbonate is made, of which portions are taken out with 
a measuring-pfpeHe* For the most accurate estimations it is, 
however, always jpreferable to weigh each portion of sodium 
carbonate, directly aft^r igniting arid cooling, into the beaker, 
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since it is never possible to fneasure as accurately as to weigh, 
because, among other reasons, the volumetrical apparatus very 
rarely agree quite accurately one with another. In spite j 1' the 
trouble, it should most certainly not be neglected to compare, 
in the first instance, the pipettes with all tht^ measuring-flasks, 
in order to see whether the forper fill the latter precisely ; 
secondly, ^o calibrate the burettes accurately, in which case it 
will often be found that the upper parts differ sensibly from 
the middle and lower parts, which causes a corresponding error. 
Of course the burettes must again be compared with the other 
measuring-apparatus. , 

The standard acid is mar^e to represent equivalents, not mole- 
cules; that is, if sulphuric or oxalic acid, it will contain one-half 
of the molecular weight in grammes, viz., 49-04 or 63 03 g., because 
these acids are bivalent ; but if it is the univalent hydrochloric 
or nitric acid,, it will contain the total molecular weight, viz., 
36*46 g. IICl, or 63-02 g. NO.jM. First of all, the acid is diluted 
a little less than necessary, and it is found out how many cubic 
centime*tres of it are required for a certain quantity of sodium 
carbonate. From this the quantity of water is computed which 
is required for obtaining an exactly normal acid ; and after 
mixing this with the acid the accuracy of the standard is 
ascertained by repeated titration with sodium carbonate. Not 
less tiian 2 to 3 g. of the latter should be taken for eacji test. 
If litmi.:' ’s to be the indicator, to the alKaline solution drops of 
tincture of litmus are added till jt becomes very markedly blue, 
then acid till strong-effervescence sets in ; aial the liquid is now 
made to boil ; then to the hoj liquid ^gradually mofe and mofe 
acid is added, till the blue colour has passed through the purpk 
and reddish purple of the CO^ rcactioft to the bright red of the 
SO4H., reactio’\ The liquid cooled by the addition of acic 
must be constantly heated again. Often, after several minutes 
boiling, i!he apparently red liquid again turns purple and ther 
blue. Wh^n y^orking with boiling liquids there is never an)/ 
doubt, to a .single drop, respecting the point where the pu^e red 
sets in. The test must bq made in a porcelain capsule, not in a 
glass beakar, since fhe jlass may yidej some alkali to the 
boiling liquid. Precisely the same froublhsqmh method must 
be employed with phenolphthalcin. All this trouble is savec 
by using methyl-orange as indicator and^working in the cofd. 
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When a perfectly accurate normal acid has been obtained, 
the normal alkali, whether ammonia, soda, or potj^sh, is most 
easily made from it ; and this is now used for the acidimetric 
test of sulphuric acid. Concentrated sulphuric aycid must, of 
course, iirst be dilttced in the usual manner. 

The estimation of, sulpliuric acid iyi sulphates has been 
described supra, p. 92, when treating of the analysis! if pyritCs. 


Analysis of Fuming Oil of Vitriol. 

SeveraK publications have been made on this subject, e.g. 
by Furstenau (Chem. Zeit., 1880, p. 18), Moller p. 569), 

Becker {ibid.,r^. (joo), Wdnkler {Chem. hut, 1880, p. 194), Clar 
and Gaier 1881,9.251). We shall, in the first instance, 

principally describe the methods contained in Lunge’s Technical 
Chemists' Handbook, pp. 143- 145, as derived from, practical infor- 
mation, with a few improvement.s. 

In the present case even the taking of the sample is not quite 
a simple task. Measuring it in a pipette is out of the question ; 
it must' be weighed. But even for this purpose the article, if 
solid, must be first liquefied. 'I'his is comparatively easy with 
partly crystallised acid or with solid pyrosulphuric acid ; these 
can be liquefied without any danger in a closed vessel by gently 
heatin^g to 30" in a sand-bath. Soldered-up tins are generally 
placed in a suitably headed stove. There is no sens’>ble loss of 
strength if the aperture for tjiis purpose is previously opened 
and at once covered with a watch-glass.'^ This prevents the 
production of any pre.ssure within the vessel during the heating, 
which must otherwise be guarded against in opening it. The 
case is different with products containing a larger percentage of 
anhydride. These do not liquefy completely, *■, portion always 
remaining in the state oF a gelatinous residue. This residue is, 
however, compo.sed exactly like the liquid portion, so that the 
sample may be taken out of the latter withoutjany danger of 
making a mista^ke. 

The sample ns weighed either ip glass bulbs or in a glass 
tap-tube. The foi'm^ (proposed by^CLr and Gaier) are very 
thin bulbs of abpifi inch diameter, ending each way in a 
capillary tube (Fig. 52). The liquefied acid (2 or 3 g.) is sucked 
intb the bulb, w'lthout danger to yie operator, by means of a 
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bottle closed with an india-rifbber cork, through which passes a 
tightly-fitting glass tep, connected at its free end with an elastic 
tube. Suction is applied to the latter, the tap is closerl, the 
elastic tube is drawn over one of the capillary ends of the 
weighing-bulb, and by opening the tap a sufficient quantity of 
acid is admitted into the bulb. ^ • 

• The c-ipillary tube is cleaned and one of the two ends is 
sealed at the lamp. The other end can be left open without 
fear of any loss of SO.^, or attraction of moisture during weigh- 
ing. The weighing is best done on a small platinum crucible 
with two nicks, on which the ends of the bulb can /est. If the 
latter should be accidentally broken, the acid runs into the 
crucible, not on the balance. Then, the 
bulb, open end downwards, is put into a 
small Erlenmeyer flask, into the neck of 
which it shoujd fit exactly (Fig. *52), and 
which contains so much water that the 
capillary tube dips prelty far into it to 
prevenf any loss of SO.5 on mixing the 
acid with water. Now break off the other 
point, allow the acid to run out, squirt a 
few drops of water into the upper capil- 
lary, and ultimately rinse the whole bulb- 
tube by repeated as{)iration of water. 

Dilute the liquid to 500 c.c. and t<ike 
50 c.c. for each test. The testing is ^per- ^ 

formed with fifth-normal solution of soda 
(i c.c. = 0-008006 g. SO3) and litmus , or methyl-orange as indi- 
cator. The acidity found is diminished by that proceeding from. 
SO.^, found by titrating another sanqJle with iodine. 

In place the bulb-tube we prefer the glass* tap-tube, as 
shown in Fig. 53. The tap shouk>be tight without greasing, and 
the tubt below it should taper gradually. It is charged by 
suction, ip ,th^ same way as described above, with about 0-5 g. 
of Nordhaivsen acjd, no more, in order to be able* to t'trate it 
directly, without taking an aliquot portion. . *Aftcr the proper 
quantity of acid has* been introduced, the tajj-is closed, the tu 15 d‘ 
is cleaned outside with Altering papef, and it^nay be weighed 
at once, without any fear of a change of weight during the 
operation. It is, howev|:f, preferable to v^mploy a tui)e (a? 
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shown in Fig. 54) ground into ary outer glass case, which is, of 
course, t,ared together with the^empty tuba 

4fter weighing, place the tube point downwards in water, 
or, in the case of nearly pure anhydride or tjie strongest 
Nordhausen acids, ,.in a layer of crystallised, coarsely powdered 
Glauber’s salt, and slowly run out the contents. 

n Thcn squirt a drop of water from abov^ into the 
tube, allow it to stand for a moment, and rinse 
thoroughly with water. Anhydride once melted 
for the purpose of filling the tube 
remains liquid enough to com- 
plete the weighing and running 
out without requiring to be 
heated again. 

The most convenient appar- 
atus for weighing off fuming 
sulphuric acid (as well as other 
fuming-acids or substances evolv- 
ing vapour.s) is the “ bulb-tap 
pipette,” constructed by Lunge 
and Rey (Z. (U!geiv, CJioil, 1891, 
p. 165), and shown in Fig. 54, 
in which both the filling as well 
as the weighingand discharging 
arc performed without^ any loss 
of vapours and without requiring 
any special aspirating apparatus. 
Above the tap a there is a bulb 
b, rather less than an inch in 
diameter, and above this a 
second tap c. "fhe lower por- 
b tion of the pipette is ground into 
a glass tube c/, closed at the 
bottom. In the conical part of the pipette there is^a groove 
reaching half-way down, the corresponding half of the groove f 
being in the outCr..tube. By turning the pipette in the latter, 
tiiC tube d can be ^ade to communicate ^yith the outer air, or 
the reverse. WFcn thV pipette is to be used, close tap a, suck 
at the top with the mouth, and before leaving off shut tap r, 
^o thpt the bulb /^.contains a partial vacuum. Dip the point of 



Fig. 53. Fig. 54. 
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the pipette into the acid and ^pen a ; the acid will rise up, but a 
is shut before it gets so lar, or even sooner, when enough has 
got in. Clean the pipette outside, put it into d, and weigh. In 
most ordinary cases (with other acids, ammonia, etc.) the grooves 
e and /are made to communicate ; water is*squirted tfirough c 
into b and then run through with the contents of the pipette, 
ipfo d, the^air escaping through e and / The dilute acid is run 
into a beaker and titrated. In the case of Nardhausen acid it 
is preferable to take the pipette out of / rinse the latter into a 
beaker, run the contents of the pipette, by opening a, into water 
or Glauber’s salt contained in the same beaker, then ^luirt water 
through (dufing which time a may be closed), and rinse the 
pipette into the same beaker. The sucking at c is quite sufficient 
to produce the necessary rarefaction of air in and no vapours 
arc lost, as is inevitable with any other kind of aspiration. 

Very strong oleum (70 per ccift. ^ 0 ,. and upwards) is best 
we^'ghed in glass bulbs (p. 358) scaled at^both ends; these are 
put into a bottle containing sufficient water, which is closed by 
a grountl-in stopper ; the bulb is smashed by shaking the bottle, 
and the titration is m.ide. • • 

Brewster (/. A))ier. them. Soc ^ 1907, p. 1376) recommends 
running the sample, taken by a Lunge pipette, by means of a 
small glass tube, bent at a right angle at the bottom, into a 
small Erlenmeyer flask, containing 15 c.c. water, and washing 
the tube with a little water. The results are concordant up to 
0-05 per cent. ^ 

Finch (/. Soc. CJieni I mi., 1910, p. 625*; Z. Schiess- und 
Sprenguuesen, 1910, p. 167) describes aa apparatus fftr weigh iiTg 
off fuming O.V. Vernon {CJicui. Zcil., 1910, p. 792; /. Soc. 
Chem. hid., 1910, p. iof)7) describes improvement on this 

apparatus. o 

Idle sampling of solid sulphuric anhydride is not an easy 
matter, -^his substance, which is now a regular article of trade 
and is sent^ qu^ in iron bottles, is much too compact and tough to 
enable a sai^ple to.be taken out by means of an auger. Before 
using it, the iron bottles are always heated in a stove till the 
anhydride li^s completely liquefied ; but in thts state the bottle 
on opening emits such a dtnse cloud of fumfjs^that any sampling 
is out of the question. The way out of the difficulty is this ; — 
In a stoppered bottle som|:' lumps ‘of the soltd anhydride^ are 
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weighed off on a large balance and are then mixed with a 
sufficient quantity of accurately analysed monohydrated sul- 
phuric acid, to form an acid of 70 per cent. SO^j, which is liquid 
at ordinary temperatures. The solution is promoted by gently 
heating the bottles, say to 30 or 40 C., with the stopper loosely 
put on. At last a sample is taken out by means of the pipette 
described above ([). 360) and the analysis perforn'ied in the 
usual way, taking account of the slight proportion of water 
present in the “ monohydrate ” employed. 

Rosenlecher {Z. anal. Chcin., xxxvii. p. 209) describes the 
method err plo) ed at PTeiberg. A number of bulbs are made 
from a glass tube, 6 or 8 mm. wide, of the form .sh6wn in Fig. 55, 
and keeping them exactly to the dimensions indicated. The 
capillary ends are contracted before a spirit-lamp to J mm. bore, 
in the case of very strong anhydride to ,} mm. The bulbs are 



Fig. 55. 


filled by aspiration by means of a capillary rubber tube drawn 
over the shorter end, in case of need interposing a test-tube 
filled with soda crystals. The suction is continued until the 
acid arrives in "t*he bulbs, before the heavy fumes enter the 
shorter capillary. ’ All the bulbs are turned with the points of 
the ca})illaries upwards, cleaned outside, and placed in a paste- 
board box provided with nicks. 'Fhe weighing is performed in 
a platinum crucible (p. 359) or on a specially made wire stand. 
No attraction of moisture need be feared during the weighing, 
but the bulbs must not be heated by touching theih with the 
fingers. They are then placed in stoppered bottles, charged with 
20 or 30 c.c. water of ordinary temperature rnd the indicator, in 
such manner that the acid does not flow out. The wetted stopper 
''is put tightly in, the bottles are placed sideways (up to this time 
the colour of the inVlicatoV should not have changed), the bulbs 
broken by shaking, and then, after the white fumes have 
vanished, the titration is performed in the bottle itself. 
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Gaunt, Thomas, and Blfcxam (/. Soc. Chem. hid.^ 1907 
p. 1175) describe in detail the method for sampling and*titrating 
fuming sulphuric acid, employed by Dr Mcssel. 

The resgUs of titration are first calculated for the total (com- 
bined and unconibiiied with water) SO.j, ca?h cubic ce.ntimetre 
of normal soda solution indicating 0 040 g. SO.^, and the propor- 
tion of frcie SO,{ and HoSO^ present is then read off by means of 
the following formula: SO.j^S— 4*444 (100—^), in which SO^ 
denotes the free sulphur trioxide, and wS the total SO.j as found 
by titration. 

This calculation is saved by the following tabk, computed 
by Knictsch \ In'r., 1901, {>. 4114): — 
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This table serves also for the frequently performed operation 
of mixing Nordhausen ackl of a certain^ percentage of SC^ with* 
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concentrated sulphuric acid, in oilier to produce an acid with a 
smaller ’percentage of SO3. l^his can be done by means of a 
formula given by Gerster {C/iein. Zeit., 1887, p. 3), 



.V ^ too 


h - a 

> 

a - c 


a 

where a' represents the quantity of sulphuric acid which must be 
added to ico parts of the Nordhausen acid ; a the total sulphur 
trioxidc in 100 parts of the acid desired ; b the total SO3 in lOO 
parts of the Nordhausen acid to be diluted ; c the total SO.j in icx) 
parts of the ordinary acid to be used for diluting The values 
of a and b are taken froip the preceding table ; c is easily calcu- 


lated by multipK'ing the percentage of HoSO^ with ^ or o-8i6. 


An example will make this clearer. Supposing there is a 
Nordhausen acid of 25*5 per cent. SO., in stock, as well* as 


sulphuric acid of gS-i per cent. H.^SG^, and an acid of 19 per 
cent. SO3 is required, we have then • — 


^^-85.1; — 86.3; c- 98 X o.8t6 ^ 80. r, 

, b a 86.3-815.1 120 

a-r 85.1-80.1 5 


That iu: by mixing loo.parts of acid of 25-5 per cent. SO^ with 
24 parts of sulphuric aciO of 98-2 per cent. II.^SO^, Nordhausen 
acid is obtained containing 19 per cent. SO3. [In reality the 
strength of the mixed product will be slightly below that 
calculated, since a certain loss of SO3 is hardly avoidable in 
the manipulation.] , 

Prals {Chcin. Zeit,, 1910, p. 264)^ives a formula for prcparhig 
Nordhausen acid of giver strength, a denotes the quantity to 
be prepared, h the percentage of SO3 required, x the ’"eight of 
the Nordhausen acid to be used, with k per cent. SO3, y the 
weight of the ordinary acid to be mixed with the Nordhausen 
acid of 4 per cenh SO3 : 


''' 9^+10(150-,-) 


+ 40(100 - s) 


For sulphuric ‘acid sp. gr. 1-840 =^5-60 per cent. H^SO^, 100 
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15 = 4.4. we assume 4.5'Jto simplify the formula, ’equations 
(i) and (2) become : * * „ * 


(3) 


X 


h -f 20 
k + 20 


(4) .»■ 


a X 


k - h 
k + 20 


Nordhausen acid generally contains some shlphurous acid 
wkich mu.it be tested for and deducted from the total acidity, 
in order to find the sulphuric acid present. In.Z. angciv, Cheui.^ 
1895, p. 221, I have drawn attention to the fact that in allowing 
for the SO., sometimes a serious mistake is committed. The 
SO.3 is always tested for by iodine solution, and i^ then sub- 
tracted from the total acidity. Here we must consider that the 
neutrality-point in the case of phenol|^thalein is reached when 
iSO., has been combined with 2NaOH, but in the case of 
methyl-orangc only iNaOH is consumed for iSO.. Litmus 
cannot be used, at all, as it gives uhce/tain results between these 
two limits. With metlYl-orange f c.c.^ normal soda solution 
indicates 0*040 g. SO.., but 0-064 ^ 0 .^. Hence for each cubic 

centimetre of decinormal iodine .solution only 005 c.c. of normal 
or 0*1 c.c. of seminormal solution of NaOH mus^.bc deducted. 
If this is overlooked, a very .serious mistake is committed; for 
since everything which is not present as SO3 or SO^ is assumed 
to be water, the incorrect allowance for SO.^ will cause not merely 
a deficiency of SO3, but a surplus of H .,0 ; and as this must be 
represented as combined with 4*444 its^ weight of water, Ifar too 
little free SO., is found. 

A practical instance will illustrate this.* ’ 3.5662 g. fuming 
acid were diluted to 500 c.c. ai^d 100 c.t. ( = 0.71 1 24 g*.) employed 
for each test. This consumed 5.40 c.c. iodine .solution = 5.40 x , 
0.0032 = 0.01728 g. SO3 or 2*43 per>:ent. SO.,. On titrating 
with seminormail soda solution and methyl-orange, 3*4-400.0. was 
used. By erroneously deducting 0**2 x 5*40= i-oS c.c., there 
remaineJ 33.32 c.c. =0*6664 g. SO3 or 93.70 per cent. The 
fuming acid^tljerefore would have contained 93-70 per cent. SO3, 
243 SO.,, 3.87 H.3Q. The 3-87 ILO is= 17-20 S03*and the free 
SO3 would 60 = 93.70- 17^20 = 76-50 per cent.^* 

In reality the 5-40<:.c.jdecinormal iodipecerresponds to onlj^ 
0-54 c.c. seminormal .soda, leaving 32-156 (*0. = 0-6772 g. S03 = 
95-21 percent. Composition of the acid: 95-21 percent. SO3, 
24 3SO3, 2.36 HgO. The :¥36 H/J*is= 10-49^03, leaving^5.2i* 
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— 10*49 =18472 cent free SO3. Hence by that erroneous 
calculation the factory committed an error of 8*25 per cent to 
its own disadvantage! 

Exactly the same result is obtained when p^forming the 
calculation by mc^ans of Knietsch’s table, supra, p. 363. 

We have,' as already mentioned, assumed everything as 
H./D which has not been found to be present as SOi, and SO.,. 
But it is advisable to estimate the fixed impurities as well, 
since otherwise their weight, multiplied by 4*444, is erroneously 
deducted from the free SO.j. 

Setlik {iiJieuL Zeit., 1889, p. 1670) proposes to substitute the 
following method for the titration of Nordhaiisen atid by caustic- 
soda solution : — Fifty or 100 g. arc weighed out in a long- 
necked flask, and water is dropped in very slowly from a 
burette, divided into c.c, till the fuming has ceased. During 
the operation the flask rnust be well cooled., In order to 
observe the finishing point, the flask must be agitated after add- 
ing each drop of water till the fumes have been entirely absorbed 
by the acid. When no fumes whatever are formed at the surface 
and a drop, FMing into the middle of the acid, dissolves quietly, 
the end is reached. Acid of more than 35 per cent. SO.5 must 
be previously diluted with monohydrated sulphuric acid. Setlik 
claims that this plan is much more expeditious and quite as 
exact as the alkalimetrical way ; but the analytical proofs 
adduced by himself do''not bear this out (there are deviations 
up to 0*9 per cent. SO.^), and we can regard his method only as 
a test for internar factory use, but not bet\\*:en buyer and seller. 

Rabe {C/ieui. *Zeit., 1901, p. 345) estimates the strength of 
fuming (or ordinary) sulphuric acid by utilising the fact that 
Nordhausen acid loses Ks property of fuming in contact with 
air as soon'* as all its SO.^ has been converted unto S0^H2 by 
the water present in ordinary sulphuric acid containing less 
than 100 per cent SO^H., : 

+di.p + , 80 ^ + rSO, - + dH.fiO; + ^HoSO^. 

We require, to begin with, to know the percentage of a 
certain sample of'slrQ.ng chemically pnr^ sulphuric acid, say 95 
per cent. {jer ceht. H^O, which is ascertained in the 

^usual way by titration. This acid we run from a glass-tap 
‘burette into a beaker ^containing ^ c.c. of Nordhausen acid, 
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repeatedly agitating and blJvving upon the acid (Pooling is 
generally unnecessary), until thh acid in the beaker dods not 
form any more fumes on shaking. Suppose we require for this 
24*8 c.c. of the acid A, containing 95 per cent. lUO and 5 per 
cent. Hp. If we wish to ascertain the s*>r€ngth of another 
sample (//) of concentrated ordiiiary acid, we riifi this from a 
bis^ette iii^o 25 c.c. of the same Nordhausen acid as before. 
Suppose we now require 30 5 c.c. of acid /)’;*this proves that 


acid /) contains 


24.8x5 
30' 5 


= 407 per cent. H./). If no impurities 


were present, this would mean a strength of 95-^43 per cent. 

H.SO^. 

On the other hand, the percentage* of SO^ in Nordhausen 
acid can be ascertained as follows : — Starting with /’i/re (say, 30 
per cent.) Nordhausen acid (C)y\\'c run in concentrated ordinary 
acid D, and fin,d that 59*4 c.c. of ac’id^/>^ is required to make the 
fuftiing cd" 25 c.c. acid C disappear. We now try an unknown 
Nordhausen acid /f, and 'find that 25 c.c. of it require 49-8 c.c. 
acid D/ This gives us the proportion 30: 59-4~.r: 49 S for the 

percentage of free SO.5 in acid /i ; .1 = ^ = 2*515 percent. 

59'4 


30 

SO... One c.c. of acid /) had indicated cent. 


freeSt43; hence wc need only multiply the cubic centimetres 
of acid yj., required for suppressing the* fumes of 25 c.c. of any 
unknown Nordhausen acid by the same coefficient, viz., 0 505. 

Rabe’s method yields very quick results,’ and is probably 
quite suitable for rough tests, in the .ordinary routine of acid- 
making. There is no weighing, only measuring, and any colour 
or opacity of the acids does not interl\:rc with the test. But as 
the difference of specific gravities is neglected, tins forms an 
element of uncertainty, and this^ is greatly increased by the 
evident Sifficulty of keeping a stock of exactly analysed and 
chemicall3{ puj;e concentrated and Nordhausen acid without any 
change. As commercial acids always contain certam impurities, 
these influence the result as well. The only real advantages 
of this method over tlxR of Setlik are that^no pooling is requir^ 
during the operation, ancf that the larg?; aiAount»of concentrated 
acid is more accurately read off than the small amount of water^ 
but otherwise Setlik’s method is preferable. 
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H. Howard (/ Soc. Chem. hid., 1910, p. 3) describes a 
method -for estimating the strength of firming (and ordinary) 
sulphuric acid by means of the heat of reaction produced on 
dilution with water {supra, p. 316). ^ 

Nordhausen a<!hd is always sold by the percentage of uncom- 
bined sulphuric anhydride it contains (not taking any account 
of the pyrosulphuric acid, which is considered = SC)./ 

Thus “30 per cemt. Nordhausen acid” means a mixture of 30 
parts by weight of SO3 with 70 parts of lIoSC)^. The price of 
SO3 is relatively higher in weak than in strong acids, as in 
manufacturing it the 5 or more per cent, of water contained 
in ordinary “rectified oil of vitriol” must be saturated with 
SO.j, each part of water requiring 4 444 parts of SO.{ to form 
HoSC)^. It is therefore decidedly more advantageous to dilute 
strong Nordhausen acid with the strongest obtainable rectified 
O.V., or still better with mon'ohydrated sulphuric acid. 

Detection and Estimation of the Impurities of Sulphuric Acid. 

1 he impurities of sulphuric acid are recognisable qualita- 
tively iitthe M.owing manner: - A residue on evaporating 
sulphuric acid in a platinum crucible may contain sulphates of 
sodium (more rarely of potassium), of calcium, aluminium, iron, 
lead, copper, zinc, or other metals occur rarely in sensible 
quantity. Ammonium sulphate is sometimes present in some- 
what large quantities (Gintl, Chem. Zeit., 1879, p. The 

individual substances are sought for by the ordinary analytical 
methods. Iron is already betrayed by the aolour of the residue 
after ignition, and can ^also be detected in the acid itself, 
without evaporating it, by the ordinary reagents, such as 
potassium ferrocyanide, p'btassium sulphocyanide, etc. Lead is 
often found as a white precipitate of sulphate cm diluting con- 
centrated vitriol with water-^ further, by adding one or two 
drops of hydrochloric acid, by which white clouds are formed, 
which vanish on addition of more hydrochloric acid or on 
heating ; with more certainty it is shown by diluting the acid 
with three or four times its volume, of strong alcohol. The 
precipitate must, df'-epurse be examined further — for instance, 
with the blowpipe, by reduction on charcoal to metallic lead, by 
moistening with ammonium sulphide (which blackens it), etc. 

Arsenic is recognised in (dilute) sulphuric acid by sul- 
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phuretted hydrogen ; more delicate than this is Reinsch’s test 
— diluting with equal volumes of water and pure hyditchloric 
acid, and immersing a bright copper foil, which, after gentle 
heating, is covered with a fast-adhering slate-grey precipitate, 
consisting of a compound of copper and arsefiic, Cur,Asi} (if the 
arsenic is present as arsenic acid, the reaction only sets in after 
loi^ger hctYting). Most delicate is the detection of arsenic by 
Marsh’s apparatus, in which, on addition of pure zinc and water, 
the arsenic is given off as arseniuretted hydrogen, and is found 
by reduction in a red-hot tube (Berzelius) or by lighting the 
gas and holding a piece of porcelain in the flame, oi> which any 
arsenic appears as spots. Since it is difficult to procure zinc 
absolutely free from arsenic, it is well to substitute aluminium 
foil for it. This test shows arsenic acid as well as arson ious 
acid ; they can be distinguished by neutralising with ammonia 
and adding m^igncsia mixture: anyh precipitate thus formed 
rnu^t contain the arsenic acid, the filtrate the arsenious acid. 
Marsh’s reaction is interfered with by the presence of sulphurous 
acid, nitrous acid, nitric acid, etc. 

Selmi {Gar:.':. Cliim. x. p. 40) asserts tliat avsenic can be 
detected in acids which give no reaction by Marsh’s test, by 
adding to 1000 g. of the acid 300 g. water and some lead 
chloride, distilling and testing the first portions of the distillate 
with sulphuretted hydrogen. 

Seybel,and VVikander (Chem. Ze/t. ^\go 2 , p. 50) prove the 
presence of arsenic in sulphuric or hydrochloric acid by the 
yellow precipitate of ASJ3, produced by the Addition of a solu- 
tion of potassium iodide. Su^fliuric acid should bc*diluted to 
45° B., hydrochloric acid should be employed in the concentrated 
state. The reaction is interfered with by free chlorine, ferric 
salts, nitrous acid (which equally cause ji yellow coloration by 
the formation of free iodine), and by lead, which forms yellow 
PbJ2. (Uiifortunately commercial acids mostly contain one or 
the other of Uif.se impurities.) 

According to Dawdow {Chan. Centr., 1895, i. p. 81 1), Rosen- 
heim {Chan. Neivs^ Ixxxiy. p. 277), and Beny (/. Soc. Cheni,^ 
Ind.^ XX. p.. 322), sclmht^n interferes with die Marsh test. 
Schindelmeiser {Chem. Ce 7 itr.y 1902, ii. p. 960) found that no 
ASH3 is given off until all selenium has been precipitated by ^ 
zinc or aluminium in the Mush apparatus. Selenium, eithUr as 

2 A . 



370 PROPERTIES OF OXIDES AND ACIDS OF, SULPHUR 

, f f f 

seleniate or selenate, also formS^ precipitates with potassium 
iodide very similar to AsLj, so^hat Seybet and Wikander’s test 
is also interfered with. 

Although the minute rules laid down by the Arsenic Com- 
mittee .of the Lbwdon Section of the Society of Chemical 
Industry (/. 'Soc. Chcni^. 1902, p. 94) refer to the examina- 
tion of beer, brewing-materials, food-stuffs, and fuels /or arsepic, 
we shall reproduce here that portion of them which can be 
applied also to the examination of sulphuric acid. The Com- 
mittee recommend to apply the Marsh-Berzelius test. 

1. Pnn\ Reagents — To half a litre of “pure” sulphuric acid 
a few grammes of sodium chloride are added and the mixture 
is distilled from a non-tubulated retort, the first portion of 
about 50 c.c, being rejected. One volume of the distilled acid 
is diluted with 4 vols. of water. Zinc, free from arsenic, can be 
obtained from the deale;rs' in fine chemicals.^ It should be 
regranulated by melting it and pouring it from some height 
into cold water. Mr A. 1 1 . Allen holds it to be essential that 
the zinc should contain a trace of iron. 

2. Appa}^:tns . — A bottle or flask, holding about 290 c.c., is 

fitted with a doubly-bored cork, india-rubber stopper, or with a 
ground-in glass connection, carrying a tapped funnel holding 
about 50 c.c. and an exit-tube. The latter is connected with a 
horizontal drying-tube, containing, first a roll of blotting-paper 
soaked in lead-acetate solution and dried, or a layer^ of cotton- 
wool prepared in a similar way, then a wad of cotton-wool, then 
a layer of granula'ced calcium chloride, aad finally a thick wad 
of cotton-w'^ool. To thisttube is fitted a hard glass tube, drawn 
out into a thin tube of such external diameter that at the place 
where the arsenic mirror is expected the tube just passes 
through a No. 13 Birmingham wire-gauge (ip 0-092 in.). A 
good Bunsen flame is used to heat the wider part of the hard 
glass tube clo.se to the constriction. About i ini of tube, 
including the shoulder, ought to be red-hot.^ .. ^ piece of 
moderately fine copper gauze (about i in, square), wrapped 
round the portion of the tube to be, heated, assists in insuring 
an equal distribi/t’on of heat. ’ ^ ‘0 

3. Mode of* 'About 20 g! of zinc are placed in the 

^ bottle and washed with water to clean the surface ; all parts of 

the ‘apparatus af6 connected and ^ifficient acid is allowed to 
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flow from the funnel so as tft cause a fairly brisk evolution of 
hydrogen. When the hydrogen flame (which duiing the 
heating of the tube should be kept as uniformly as possible a 
J in. high) burns with a round (not pointed) top, all air has 
been removed from the apparatus. The Bufi^eii burner* should 
then be placed under the hard glass tube, as described, and 
m«re acidfc (lo to 20 c.c.) run in as required. With good 
materials no trace of a mirror is obtained within half an hour. 
Great care must be taken that, when additions of acid are made 
to the zinc, no bubble of air is introduced, since in presence of 
air the arsenic mirror may become black and uneven, whilst it 
should be bro'wn. 

Should the blank experiment not Be satisfactor}', it must be 
ascertained, by changing the materials methodically, whether 
the fault lies with the acid, the zinc, or the apparatus. 

4. PreparaUiVL of Standard Miirorr, — A hydrochloric-acid 
solution of arsenious ox[de, containing g)OOi mg. As^O^^ per 
cubic centimetre, is prepared by diluting a stronger solution 
with distilled water. Two c.c. of this solution arc introduced 
into the apparatus. If the zinc is “sensitive,” a'distinct brown 
mirror is obtained within twenty minute.s. (Some “pure” zinc 
is, from a cause at present unknown, not sensitive.) The 
portion of the tube containing the arsenic should be scaled off 
while still filled with hydrogen. Mirrors are similarl); made 
with 0*00.^, o*oo6, o*oo8, and o-oi mg. arsenious oxides. The 
first stage of every test must be blank for at least tweyty 
minutes. • 

Arsenic in both states of oxidatfon can be detected ^id 
e.stimated by the procedure described, • 

The proof that the mirrors are Arsenical is pbtained as 
follows : — The Aarrow portiofi of the tube containing the mirror 
is cut off^the hydrogen replaced by air, and the ends scaled up. 
The tube is then repeatedly drawn through a Ikinsen flame 
until the nniii'CAr has disappeared. On cooling, minyte sparkling 
crystals of arsenioas oxide deposit, which can l^e readily identi- 
fied under the microscope# With this test quantities of 20 c^-. 
will give ^vindication *in^h 5 presence of oocx)0 15 per cent., or 
I part arsenious oxide in 7,000,000. * • 

I have thought it right to quote this method ; but (as is the ^ 
case with some which follow) it is reajly too dt-licate fof the 
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purposes of the acid-maker, from \fhom it cannot be demanded 
that liis purified ” acid should 'contain les 5 than i part As^O^ 
in 200,000 of sulphuric acid. It is acknowledged on most sides 
that acid containing such a minimum of arsenic can^be employed 
even for. the purpd^ of manufacturing glucose, tartaric acid, and 
other substances intended for.human consumption. 

Bertrand {Bull. Soc. CJn))i. [3] xxvii. No. 16; Chtm. NewSy 
Ixxxvi. p. 1 91) ccmccntrates the arsenic in not more than 30 to 
60 c.c. of liquid in the hydrogen apparatus. The oxygen is 
entirely driven out of the apparatus, after putting in the zinc, 
by pure CQ, taken from a bottle of liquid CO.,; this takes only 
a few minutes Then one or two drops of difute platinum 
chloride in 10 c.c. of diltite sulphuric acid (i : 5) is added, and 
after ten minutes the arsenical solution is introduced. The gas 
is dried by cotton-wool, previously heated to 120' C. It is 
passed through perfectly ckan glass tubes, which are chosen all 
the narrower the smaljcr the quantity of arsenic expected ; e.g.y 
only I mm. wide, if less than mg. is present. The end is 
drawn out very fine for several centimetres, about lo or 15 cms. 
from the plaC<? where the ring is to be formed. A space of 
about 20 cms. length of this tube is heated to nascent redness. 
If the tube is thin, nothing else need be done; if it is of thick 
glass, a space of the above length should be confined on both 
sides by a band of filtering-paper kept moist, so as to prevent 
the ring from spreadingToo fast. In this way one-tlfousandth 
of a milligram or even less can. be detected ; but of course the 
greatest care must'be taken not to introdui.'e it by the reagents. 
Such exceeclingly slight mirrors must be kept from oxidising 
by sealing the tube while ^filled with hydrogen. 

Parsons and Stewart \/. Anicr, Clieui, Soc.y 1902, xxiv., p. 
1005) show that in the presence oPiron some arsenic is retained 
in the Marsh-Berzelius flask, *knd hence iron should be avoided 
if quantitative results are required. 

For the ^Reinsch test very detailed prescriptkiws» are given 
by A. H. Allen, in /. Soc. Chem. Ind.y 1901, 'p. 28?, and by the 
Manchester Brewers’ Association, ibni.y p. 646; but thc.se also 
refer to beer, gluc^ose,»etc. i * 

A third test^ ppoposed by Gutzeit, is frequently preferred on 
.account of its simplicity. It consists in allowing hydrogen, 
containing arsenic, coojed as in the Marsh test, to act upon solid 
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silver nitrate, deposited by dfying on a piece of blotting-paper. 
Convenient forms of apparatus for this test have been con- 
structed by Kirkby (/. Soc. Chem. hid., 1901, p. 281), by Tyrcr 
[ibid., p. 281), and by Dowzard (/ 7 ^/V/., 1900, p. 1145), 6}^ also 

Hehner [ibid., 1901, p. 194), Bird [ibid., 1901* p. 390), Richardson 
[ibid., 1902, p. 902), and Gotthclf [ibid., 1903, p. 191). 

* Lor flulphuric acid specially Bettendorf’s test is also 
employed, in which a solution of stannous chloride in its own 
weight of strong hydrochloric acid is added to the solution to 
be tested. In the presence of arsenic a brown colour and, later 
on, a black precipitate are formed much more qflickly when 
heating. According to Messel (/. Soc. Chein. hid., 1901, p. 192) 
o-Oi mg. AS,Py can be detected in i c.c. sulphuric acid b}' this 
test. 

' The detection of arsenic has been most thoroughly treated 
in a Report of* a Committee appointed by the Commissioners 
of^Inland Revenue, of wljich Professor T*E. Thorpe was Chair- 
man. They recommend, in the first instance, Bloxam’s electro- 
lytic method for the reduction of the arsenic to arseiduretted 
hydrogen, which has been worked out in th*e Government 
Laboratory. The apparatus serving for this is illustrated and 
minutely described in the Report. It is somewhat costly, and 
of course only applicable where an electric current of sufficient 
intensity is available. Therefore in many cases the zinc method 
will be preferred, in spite of its drawbacks. This latter method, 
as described in the Report, agrees in most .respects with the 
prescriptions laid ctown by the Arsenic CommiUee of the 
Society of Chemical Industry [supnf, p. 370); the deviations 
comprise only some certainly not unimportant details. The * 
size of the apparatus employed and the amount of zjne and acid 
are much smaller, the rate o*f evolution of the gas is less, and 
the arseryc is depressed over a smaller area of glass [J. Chan. 
Soc., vol. Ixxxiii., p. 974; /. Soc. Chem. hid., 1903, p. 965). 

Further impurities of sulphuric acid. Ilydrcfchloric acid 
(from the cCimmoi? salt pre.sent in the nitrate*of soda) can be 
proved by nitrate of silver, after having diluted the acid, silver 
sulphate . bfiing also vei^ little ^hydrofluoric acid is 

found by heating in a platinum dish covered \>y a glass plate 
coated with wax and containing scratched-in figures ; sulphurou .^ , 
acid is found by the decoforisation of a weakly blue solution 
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of iodised starch, or very accurately by red’uction with zinc or 
aluminium to sulphuretted hydrogen, which is recognised by its 
turning lead-paper brown or by colouring purple an alkaline 
solution of sodium nitroprusside {cf. pp. 274 et seq.). 

T\i^.oxygcu CO f, 'if ou 7 ids of nitrogen are nearly afways present 
in the sulphuric acid /)f trij/ie. They are recognised in the 
simplest manner, and with nearly as much precision#as by jyiy 
other test, eithei* by the decolorisation of a drop of dilute 
solution of indigo on heating, or by carefully pouring a solution 
of ferrous sulphate on the acid contained in a test-tube, so that 
the liquids*) do not get mixed. In the presence of traces of 
nitrous acid or of higher nitrogen oxides a brown ring will be 
formed at the point of '’contact; if more be present, the iron 
solution is coloured brown or black ; but after some time it 
loses colour again, especially if it has become warm by the 
reaction. Selenium also ogives a red ring similar to that 
produced by traces of, nitrogen oxides ; but the colou-r, instead 
of gradually vanishing, after standing for some time turns into 
a red precipitate at the bottom of the test-tube. Nitrous and 
hyponitric aekJs are also recognised by turning blue a solution 
of starch containing potassium iodide. 

The most sensitive reagent for nitrogen acids is diphenyl- 
amine, which is most conveniently employed as a solution of 
0-5 g. in 100 c.c. concentrated sulphuric acid, diluted with about 
20 c.c. of water. A fe^v cubic centimetres of this j^olution is 
poured into a test-tube or coqical glass, and the solution to be 
tested is carefully ’poured over it, so that'^the liquids mix only 
gradually. ’ If traces of nitrogen acids arc present, a fine blue 
colour is produced at the point of contact. But as all other 
oxidising sub.stanccs, alsb selenious acid, produce the same blue 
colour, errors may occqr through* the (very frequent) presence 
of selenium, which gives the‘‘bluc reaction with diphenylamine 
even in the absence of any trace of nitrogen acids. It is there- 
fore necessary to test first with ferrous sulphate, as described 
above. . 

As I have shown in Z. angeiv^ Chem., 1894, p. 345, the 
diphenylamine hedetion is best emplCyed in the following 
manner; 05 g. white "diphenylamine is dissolved in 100 c.c. 
-pure strong sulphuric acid, adding 20 c.c. water ; the heat assists 
in dissolving the sub.stance, and <‘.he reagent keeps in well- 
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stoppered bottles \ long tirAe without turning broum. When 
testing for nitrogci^ acids, poui^ a few cubic centimetres of the 
specifically heavier liquid into a test-tube and carefully pour the 
specifically lighter liquid on the top, so that the layers only 
gradually mix. The presence of as little ajs*.',) nitrogen in 
the shape of nitrogen acids per Ijtre is,indicated*by a blue ring 
ferming it the surface of contact of both liquids, most easily 
perceived by holding the glass sideways against a white back- 
ground. Both nitric and nitrous acid are indicated in this way. 

Withers and Ray (/. Ainer. Cliein. Soc.^ J9tt, P- 7o8) 
describe the test just in the same manner ; accordyig to them, 
the blue ring appears in the presence of T- millionth of nitrous 
nitrogen or .j'5 millionth nitric nitrogen, and when heating for 
an hour even with millionth nitrous or nitric nitrogen. 

Brucine indicates only nitric acid if there is a great excess of 
strong sulphui'ic acid present ; neither selenium nor nitrous acid 
interfere! with this test^ but nitrous a<^id equally reacts with 
brucine if there is but little sulphuric acid and much water 
present, say 1:2. In order to detect nitric acid by itself, an 
aqueous solution to be tested should contain least 5 of its 
volume of strong sulphuric acid. The brucine can be added 
either as powder or dissolved in pure strong sulphuric acid, say 
I c.c. of a solution ofo -2 g. brucine in 100 c.c. strong acid, for 50 
c.c. of the solution to be tested, of which 2 must consist of strong 
sulphuri'' acid. If as little as mg, nitric nitrogen be*present, 
a pink colour is produced which graduallj^, on heating very 
quickly, passes through orange into yeRow. In Z. angetv. 
Chcin.^ 1894, P- 347, I have ♦shown hiDw this test call be utibsed 
for a quantitative colorimetric estimation of small quantities oj 
nitric acid. Cf, alsoT/w/., 1902, pp.*i, 170, and 241. 

Most reagents, like diphenylamine, ferrous sulphate, and 
indigo, indicate both nitric and fiitrous acid. There are other 
reagents which prove the presence of nitrous acid (or nitrites) 
alone, not that of nitric acid : for instance, a mixture of 
starch soli>tion with a solution of iodide of zinc *(a blue colour 
being produced), and cj" various organic amines, which with 
nitrous acid form co-'re.'iponding azo-co^onre (Griess, 
xi., p. 624). Of these* the most fr 5 qut?ntjy niscd are : meta- 
phenylene diamine, which produces a yellow colour with o-i mg. 
nitrous acid in a litre, or else a combination**of sulphanilic acid 
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and a-na[bhthylamine (reagent of Griess).^ I have shown {Z, 
ange'iir. Chcni.^ 1889, p. 666) that it is befet to mix both sub- 
stances, dissolved in dilute acetic acid, at once, and to keep this 
solution ready for use ; any nitrous acid getting in from the 
laboratory air is tj?.us betrayed from the outset by the reagent 
turning pink. * This colour can be removed by shaking up with 
zinc dust and filtering. P'or actual use, the solution t^ be tested 
for nitrous acid is heated up to about Ho'’ C., and a few cubic 
centimetres of the mixed reagent added to it, when a rose colour 
will be developed with less than , mg. in one or two 

minutes. Solutions containing too much nitrous acid give only 
a yellow colour. In order to obtain a reagent which is not dis- 
coloured on keeping, a Iktle of the a-naphthylamine is boiled 
with a few cubic centimetres of water, the hot solution is poured 
off, and only this is used, mixing it with dilute acetic acid and a 
dilute solution of sulphanilic acid. 

If any nitrous acid present is carefully destroyed by treat- 
ment with urea, the ordinary reagents like diphenylamine, 
ferrous sulphate, and indigo, will indicate any nitric acid 
present,* this ^^t being acted upon by urea. 

Selenium can be detected by the red colour imparted to a 
solution of ferrous sulphate, which after some little time turns 
into a red precipitate (not vanishing on heating like the brown 
colour produced by nitric oxide), or by means of sulphur dioxide. 
According to Jouve (Cliem, Cenir.^ 1901, i., p. 1389) ^codein or 
morphine prove the presence of selenium, but only when 0-5 
per cent, is present*; SOg acts already witl>» o-oi per cent. ; all 
of These act only on selenious, not upon selenic acid. Both 
^ acids, however, are proved by the red colour produced by the 
action of acetylene, if o-ooi per cent. Se is present. A little 
HCl hastens^ the separation of Se, which dissoWes in the hot 
sulphuric acid with green Colour. 

Orlow {Ckem. Centr., 1901, i., p. 480) also rejects coaein and 
prefers SOg, especially on heating. Five parts TO parts 

water -f- 10 jiiarts SO., solution give a red precipitate at once 
with 0*3 per cent. H.^SeOg, but also ,with 0 03 per cent, after 
stS-nding a few d^s pr heating a fewj^hours. Even* 0-003 per 
cent, gives a ros-e-cobur.'* ‘Rosenheim' (ik’d, 1901, ii., p. 234) 
discusses at length the influence of selenium on the ordinary 
tests f/pr arsenic. ^ 
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The quantitat%£ cstii}iaflo 7 i of the impurities contained in 
sulphuric acid is best carried out with various portions of the 
sample. Usually only the following arc looked for. Lead is 
estimated bv dilutin<^ the acid, if concentrated, with its own 
volume of water and twice the volume absolute* alcohol, 
whereby all the lead is precipitatCid as PtbSO^. Iron is estimated 
b^i reducifig with pure zinc and titrating with potassium per- 
manganate ; not leaving out of sight its action upon SO^, 
etc. A very convenient colorimetric method for estimating 
traces of iron has been described by me in Z. angew. Chem.^ 
1896, p. 3; reprinted in my Technical Methods \f Che^nical 
Analysis^ translated by Keane, 1908, vol. i., p. 381. Arsenic is 
estimated by reducing any arsenic acid to arsenious acid by a 
stream of SO^ expelling this by CO.^, and precipitating by 
H.2S. The presence of lead, antimony, copper, platinum, etc., 
makes this process very compfic''.tcd (cf thereon McCay, 
A%ie}\ Ckon/j,^ vii., No. 6). If the quantity of As is somewhat 
considerable, it can be reduced to As.,0.5 by SO2, followed by 
CO.2 ; fhe liquid is then neutralised by soda, and the As^O.^ 
titrated by iodine solution (Kisling, Cficm, 1 886, p. 137). 
Further particulars are given in Lungc-Keane’s Technical 
Methods of Chemical Analysis, vol. i., pp. 383-384. 

The volatile impuiitics of sulphuric acid are estimated as 
follows ; — ^ 

Sulphurous acid, if present in noti.ceablc quaiitities, can be 
estimated by a .solution of ioding according to. Bunsen’s method. 
The acids of nitrogwn (nitrous, hyponitric, *and nitric) cannot 
easily be present together with sulphurous acid in sensible 
quantity ; but they occur in very considerable proportions in * 
certain intermediate manufacturing pit)ducts (“ nitrous vitriol ”) ; 
and the methods for cstimnting thenj are therefore of great 
importance. Also in chamber-add and in more concentrated 
products^ there is much oftencr nitrous or even nitric acid 
present than .‘^Iphurous acid ; and in this case tl-^c estimation 
of even miiwite qi*antities is .sometimes of imjiSrtance, because 
they exert a very injurioi^s action during the concentration 
the acid in platinum. ’ • • . * 

Nitric oxide, as shown on p. 331, is .soluble ih sulphuric acid 
only in extremely slight quantities, inappreciable in any ordinary 
mode of testing. In practice, accord ingjy\ no account neAl be 
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taken of nitric oxide, especially in'the case (f( the stronger acids, 
since in 'any case it cannot be present in sufficient quantity for 
estimation ; and the analytical metl ods can only refer to the 
higher oxides and acids of nitrogen. Of these, ag^in, only nitric 
and nitrous acid nVed to be taken into account. Nitrogen per- 
oxide, N.2O4 (tormerly called hyponitric acid), when dissolved in 
sulphuric acid behaves exactly like a mixture of equai moleci>les 
of nitric and nitrbus acid (p. 341). Nitrous acid itself does not 
exi.st in any but rather dilute sulphuric acid ; in somewhat con- 
centrated acid it exists as nitroso-sulphuric acid, 50 . 2 ( 0 H)(ONO), 
cf, pp. 334 it se{/.). The solution of this compound in sulphuric 
acid behaves, however, towards oxidising agents" and in most 
other respects exactly Ifke a solution of nitrous acid, which, in 
fact, is formed from it by dilution with water. Ordinarily in 
doing this, part of the NO2H is decomposed into NO and 
NOyH (p. 338), but this decomposition, which would interfere 
with the analysis, can be prevented )by proper preesfutionsj as 
we shall see later on. 

Fir.st of all we must describe the methods for estimating t/ie 
total nitrogeif 'acids ^ that is, nitrons and nitric acids together, in 
which case the result can be calculated as N2O3, N^O^,, NO^H, etc. 
Frequently, for technical purposes, the N is calculated as NO^Na. 

Of the numerous methods proposed for this end I only 
mentiq,n those which are employed for technical purposes. 

The method of Pelouze, modified by Fresenius cKid others, 
is only adapted for the estimation of nitric acid ; it is, however, 
sometimes used for estimating a mixture of this and of nitrous 
acid, after the latter has been converted into nitric acid ; for 
instance, by chlorine, potassium bichromate, permanganate, etc. 
It is founded upon the fact that free nitric acid oxidises ferrous 
chloride or sulphate, according to ihe equation / 

61 ‘eCl., + 2N0,H + 6HCI - 6KCCI3 + 2X0 + 41120 

By means of potassium permanganate the fe.rrous salt, not 
oxidi.sed by nitric acid, is estimated, and the quantity of the 
latter is calculated from that of the ferrous salt consumed. 

This method Ls described in greats d6^ail in our first edition, 
vol. i., pp. 54 tef 58, efhd sefcond edition, vol. i., pp. 173 to 176; it 
,is not repeated here, as the much handier nitrometer method 
has made it obsolete. 
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Another class cV met^od:^ based upon the action of ferrous 
salts on the nitrogen acids is th’kt first proposed by Sahlbcsing, 
and subsequently modified by many others. In this class of 
methods the process is carried on in such manner that all 
nitrous and nitric acid present is convcrt'xi into nitr.ic oxide, 
NO, which is then estimated ,in various ways — mostly by 
measuring its volume as a gas. This method is very much 
used by agricultural chemists, especially in* the modification 
introduced by Grandeau. A table for reducing the volumes of 
NO to weights of NoO^ for various temperatures and pressures 
has been calculated by Baumann (Z. (r^gew. 1888, p. 

662; reprinted in /. Soc. ChenL hid., 1889, p. 135). p'or nitrous 
vitriol this method is seldom used,* because it is far more 
troublesome than the nitrometric methods to be subsequently 
described. 

Many methods are based on tiv' re<luction of the nitrogen 
aJids to* ammonia by ineans of zinc, ir9n, or a combination of 
both. All the older forms of these methods have been super- 
seded t)y the modification introduced by Ulsch \Z aiignv. Chein., 
1891, p. 241 ; Lunge- Keane’s Technical Mclhfds of *Chcniical 
Analysis, I., pp. 311-315), which is extensively used for the 
estimation of nitrate of soda, but rarely for the nitrogen acids 
present in sulphuric acid. 

ri'.e process which is mostly used for the estimation of the 
total niUogen acids in sulphuric acids (as well as for that of 
nitrate of soda,c;/.' p. 132, of nitro^glyceriigand for many analogous 
purposes) is the lAtrometer method, founded upon a reaction 
discovered by Walter Crum*(A’/// 7 . Mxig., 1840, xxx*", p. 426). * It ' 
consists in agitating the substance in question with mercury in* 
presence of a large quantity of sulplfuric acid, by which means 
all the nitrogcfi acids are converted into nitric oxiefe, NO, whose 
volume is ascertained by gasomd;ric methods. Crum’s process 
had been occasionally employed for the estimation of nitrates, 
eg, by Frarvkland and Armstrong, and had been specially 
recommended fo> nitrous vitriol by G. E. D^vis {Chejn. Nevis, 
xxxvii., p. 45). But it attracted very little attention, least of 
all from t?echnical chemists, because it, Was cumbersome and 
expensive (requiring a^mercury tA)ugh7, ^nd withal gave no 
very trustworthy results, owing to the difficulty of manipulation. 

I drew fresh attention Ut this process^ (Z>V;' 5 ! Ilct., xi., 436), 
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and made it generally accessible, 4D0tfi by m'oving its accuracy 
under^ the circumstances here 'mentioned, and by devising for 
it a special instrument, which made its manipulation extremely 
easy and simple. This instrument, which has since found a 
great variety of applications in gasometric and gas-volumetric 
analyses, som6 of which are /ncntioned in other parts of this 
work, has been called the NitroDieter. It is made in variotus 
shapes for various purposes ; the shape which is used in testing 
nitrous vitriol is shown in Fig. 56.^ 

Its principal portion is a glass tube, a, of a little over 50 c.c. 
capacity, dlyided into tenths of a cubic centimetre. At the 
bottom it tapers to fit an elastic joint ; at the top it ends in 
a funnel, c, communicating with the inner part of the tube by 
a three-way tap. Its plug has one bore, through which the 
measuring-tube communicates with the funnel, and another 
bore through which the co^ntents of the funnel (;;an be run off. 
The division of the paeasuring-tube a begins from 1 the t'ap 
itself, and goes from the top downwards. The tube a hangs 
in a clamp, e, which can be instantaneously opened by a spring, 
so that the tu^xi can be taken out. Another clamp,/, sliding 
on the .same stand, carries a plain cylindrical glass tube, 
tapering below, of the same contents and about the same 
diameter as the measuring-tube. The lower ends of the two 
tubes are connected by a thick clastic tube, b slides up and 
down in its clamp with frjetion. In order to use the apparatus, 
b is placed so that its lower en4 is rather higher than the tap 
and, the latter being opened, mercury is poUred in through b 
till- it just comes up to the funnel c. As it flows into a from 
below, it will not allow any air-bubbles to remain in the tube. 
The tap is now closed ; A is lowered ; and the acid to be tested 
is run into the funnel by means of a mcasurii'.g-pipette. Of 
course it is necessary to have an idea of the maximum quantity 
of NO which may be given off without expelling the mercury 
from the tube altogether, and the quantity of sulphuric acid 
must be chosen accordingly. By carefully opening the tap d, 
the acid is run into a without any air being allowed to enter ; 

* Since I first published above quoted paper, Campbdl, Davis, 
Dupont, and others have made known apparatus very similar to mine, for 
which they have adopted my name, Nitrometer. Not one of these, however, 
combines all the advantages found in the iniirument constructed by me. 
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in a similar way we funnel-*^ is washed out twice 'by means 
of pure concentraten sulphuric licid. It is not advisable ^o put 



more than 8 to lo c.c. of acid into the *ap|?ariitift ; much better 
only 4 to 5 c.c. altogether ^are used; but in any case therg^ 
must be an excess of stroitg sulphifric acid present, Nofl^ the 
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tube a is taken out of the spring clamp atd well shaken up. 
The evolution of gas in the cash of nitrous^acid commences at 
once — the acid taking a purple colour, in the case of nitric acid, 
after a minute or so. The reaction is ended by violent shaking 
for one or two mim^tes. Sometimes it takes a long while before 
the acid deals and the froth subsides, but generally this is 
effected in a very short time ; anyhow it is nccessany to w,?.it 
a little, so that tke apparatus may assume the temperature of 
the air. Now by sliding b up or down, the level of the mercury 
in this tube is so placed that it is as much higher than that 
of a as corresponds to the vitriol ; say, for each 7 mm. of acid I 
mm. of mercury; or else the level of the mercury is made the 
same in both tubes, and' the height of mercury corresponding 
to the layer of vitriol in the tube is deducted from the baro- 
metrical pressure. In the former case, it is easy to ascertain 
after reading off whether, the proper compenjiation for the 
height of the acid column has been made or not. It is ohly 
necessary to cautiously open the tap d, over which a drop of 
acid has been left standing. If this is sucked in, and the level 
of the acid falk:- there has been too little pressure, and vice versd. 
The volume of the nitric oxide can be read off to }q c.c. ; it is 
reduced to o and 760 mm. mercurial pressure, and the per- 
centage of the acid calculated from it. h-ach cubic centimetre 
of NO, measured at o' and 760 mm., corresponds to 1*3402 mg. 
NO, or 1*6975 mg. N./).5/ or 2*8144 mg. IINO3, or 4*»5i76 mg. 
NO.d\, or 3*79<S6 mg. NO.{Na.‘ By this process, of course, 
nitric and nitrous a'cids cannot be distinguiuhed, but are always 
estimated tdgether. ‘ 

After reading off, b is again placed higher, the tap d is 
opened so that tube a corr/municates with the small outlet tube, 
and thus first the nitric oxide and then the'»-sulphuric acid, 
muddy with mercuric sulphate, is driven out. When the 
mercury begins to run out as well, the tap is closed, and every- 
thing is again ready for a new test. If any sensible quantities 
of sulphurous acid are present in the acid to be tested (as proved 
by the smell), it is best to add a very Httle powdered potassium 
permanganate to thb .sulphuric acid, avoiding any considerable 
excess. , ‘ 

, ' Multiples of these figures from 2 to 9 are given in my Technical 
Chemiils' Handbook^ ‘1910, p. 17. 
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The nitrometCi; was i^rstv provided with a three-vVay tap on 
Cl. Winkler’s principle, with onc^transverse and one longitudinal 
bore ; but now another arrangement, known as the V Greiner- 
Friedrichs ” or the “ Gcisslcr-Miescher ” tap, and shown in the 
diagram, is preferred, which admits of much easier manipulation 
and is far less liable to leakage. »» 

It has been stated by T. Bayley that it is necessary to dilute 
the acid contained in the nitrometer at the clpse of the experi- 
ment, in order to expel the nitric oxide dissolved by the sul- 
phuric acid. But for ordinary purposes there is no appreciable 
error caused by the solubility of NO in sulphuric acid, as I 
showed in /. 'Soc. Cheni. Ind.^ p. 447, and 1886, p. 82. This 
could not be contradicted by Mr Bayley, who, however, contended 
that the iron contained in the acid as ferrous sulphate acted as 
solvent for NO. I replied to this (CkcvL News^ 1886, liii. p. 
289) that the quantity of iron found in any commercial acid 
Wffuld n^ver lead to any appreciable error of this kind, more 
particularly as it would b*o present as ferric sulphate. 

Foi* very exact purposes the solubility of NO in strong 
sulphuric acid, which amounts to 0-35 c.c. NO iq 100 e.c. acid, 
must betaken into consideration. Nor must the acid employed 
be stronger than 94 to 94-5” per cent., to avoid the reduction 
of NO to N ,0 or N. 

In spite of the very great convenience, speed, and accuracy 
of the nitrometric estimation of the nitrogen acid.s^ many 
chemists might have abstained from using it, bexause the 
unavoidable reductjf)n of the volume of NO* to o'" C. and 760 
mm, pressure appeared too ^edious tq them. ’ In Oi\:ier to over- 
come this objection, I have calculated tables which admit of ^ 
reducing any volume ’-of gas from to 100 from any given 
temperature to o'" C, and from any given pressure*' to 760 mm., 
by simple reading off. The.se tables were given in the Appendix 
to my firft edition ; tlieyarc also contained in Lunge’s Technical 
Chemists' Hqn{ibook{\c)\o)^^}^. 138 .wy/., and arc also separately 

published fjpr use- as wall-tables by F. Vieweg & Sohn, Bruns- 
wick, Other tables, requiring very little mo 1 -e time for use, 
are found jn Winkler-Ltjnge’s Handbook of Gas- Analysis, ilid 
edition, pp. ct srq. > i; 

I abstain here from giving these or any other tables, as an 
instrument invented by myself, and called ''^he gas-volupicte}'^ 
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(Z. angew. Chem.^ 1890, p. 139; Bert. BcrJ p. 440), has 
made unnecessary all calculat^^ons and tables in connection 
with the • reduction of volumes of gases to o and y 6 o mm. 
This instrument, as shown in Fig. 57 j consists of three glass 



Fig. 57. 


tubes, all joined by very strong clas^tic tubes to a three-way 
pipe, D, and sliding upwards or downw,ards in strong clips. 
Tube A is the m'^asuring-Lube,B the reduction-tube, C the level- 
tube.' A is divided into tenths of a cubic centimetre, and 
'generally holds 50 c.c. ; where large • volumes of gases are to 
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be measured it is shaped' lik^ B, and holds 6o or loo c.c. in the. 
upper, wider portion, and another 40 c.c. (divided into c.c.) 
in the lower, narrower portion. The “ reduction-tube ” B holds 
100 c.c. in the upper part, and another 30 c.c. (divided 
into c.c.) in the lower part. This tube v.f set once for all in 
the following way ; — After putting, the iipparatuj^' together and 
paj^tly filling it with mercury, the temperature close to B and 
the barometric pressure arc taken, and it is* calculated, by the 
well-known formula 

273X/; 

(where t denotes the temperature in o» C., b the height of the 
barometer in millimetres), what would be the volume of 100 c.c. 
dry air under the existing atmospheric conditions. (I’his calcu- 
lation can be ^bridged by using any of the above-mentioned 
tables, if tliey arc at hand.) Suppose /=20 , mm. In 

this case lOO c.c. of dry air would occup)' the volume lOcS-S c.c. 
We no\Vmove B and C so that, tap /being open, the level of 
the mercury in B is at io8-8, whilst the mercury in C is, of 
course, at the same level. Previously to this wc have introduced 
a drop of strong sulphuric acid into B, but not sufficient to 
reach over the mcni.scus of the quicksilver, which would be an 
impediment to taking the readings; this is done because gases 
have afterwards to be measured in the thy state. (In th 5 more 
frequent case in which this instrument is employed for measur- 
ing moist gases, in Ijeu of sulpTuiric acid, a drop of .water is 
introduced into B, and thc^calculation ss made by deducting from 
the barometric pressure the tension of aqueous vapour corre- 
sponding to the existrtig temperature.) Now tap / is closed, 
and is secured w that no aiV can enter or escape 'through it. 
In lieu of this tap a capillary tub>e may be provided which is 
sealed by'“'a small flame, after having put a perforated piece of 
asbestos ca/db.oard over the top of tube B, to prevent its 
temperature, rising, during the sealing-operaUon.* The best 
way of closing tube B is b;^ means of a mercury-sealed tap, as 
described by. me in Bed. Ber?, 1892, p. 315^^. < 

It is quite evident thkt every tiihcf levbl-tube C is raised 
so that the mercury in B rises to the point lOO, the air withiq 
B is compressed to the vop^me it would occupy at 0° and# 760 ' 
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mm. independent of the temperature and /barometric pressure 
actually Existing. Now suppose wc have evolved or carried 
over into tube A a certain volume of gas, and we adjust the 
position of the three tubes so that the mercury in B stands at 
100 and that in A exactly at the same level, it is evident that 
the gas in A is under the same pressure as in B ; and, supposing 
its temperature to be the same (which will be the case if the two 
tubes are close together), the gas in A will be ecjually compressed 
as that in B to the volume it would occupy at o" and 760 mm. 
barometric pressure. The reading taken in A thus yields at 
once the cdbrected volume without having to look at a thermo- 
meter or barometer, or to use any calculations or tables. 

Tube A might be an ordinary nitrometer; but it is far 
preferable to use it only as a measuring-tube, and thus to keep 
it always clean and dry, whilst the nitrometric operation proper 
is carried out in the auxiliary “ agitating-vessel ’ E. This is a 
non-graduated vessel, holding too to 1.50 c.c., and connected by 
a strong elastic tube with the level-tube E. The vessel E bears 
at the top the usual three-way tap and cup o The side-tube a 
can be closed by a small ground-on cap, /^, or else by an india- 
rubber cap. Before commencing the analytical operation, the 
tube F is raised so that the mercury just issues out of a ; cap 
is now put on and tap c is closed. Now the nitrous vitriol (or 
solution of nitrate of soda, cf. p. 132) is introduced through r, by 
carefully lowering F, so 'hat only the liquid, but no air, enters 
into E ; strong sulphuric acid fellows, to rinse out cup c ; the tap 
is now eiTticely closed, and E is violently snaken till the decom- 
position is complete and no more NO is given off. The cap b 
prevents the mercury in •tube a from being throwm out in the 
shaking. The instrument is allowed to cool down, and is then 
put in the position shown in the diagram, so that the small tubes 
a and d are on the same level. Previously a short piece of 
india-rubber tube has been slipped over d, and by raising C the 
mercury has^ been forced right to the end of d. Now cap b is 
taken off, and (uis introduced into the short elastic tube, till the 
glass tubes tr and d touch. Now tube C is lowered and F raised 
(as shown in the diagramj, and tap''.^* i‘s cautiously opened (e 
having been leit open before). The gas will thus be transferred 
from E into A;^at the moment when the sulphuric acid has 
entered into the bore of e, but before it has got inside of A, tap 
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e is closed. Now tije reading is taken as described aboye ; the 
apparatus EF may be detached at any time and cleaned as 
occasion requires. 

'I he readings of the volume of NO taken in tube A may be 
converted into grammes of N^O. or NaNt),, etc , by means {)f 
the table mentioned on p. 3S3. *If nitrate of soda has to be 
analysed, *each cubic centimetre will indicate 37986 mg. 
NaNO,,; hence, if 0-3799 g. of nitrate were employed for the 
test, the number of cubic centimetres of NO would at once 
indicate the percentage of NaNO,. In the case of nitrous 
vitriol the (piantity will usually not be weighed, but measured 
by means of a pipette, and the resull^s obtained must then be 
divided by the specific gravity of the acid, to reduce them to 
weight percentage. If the acid is near 140 d'w,, this is 
unnecessary; for in this case a t c.c. pipette will deliver 1-70 
g. acid, and a's each cubic centimetre of N(’) indicates 0-0017 
N^Oy, this means that the number of cubic centimetres read off 
is exiw:J:ly = tenths of a per cent, of No(\; by weight of the 
nitrous vitriol. • 

VVe now proceed to the estimation of nitrous aci<i^ or, more 
properly speaking, i.){ nitroso-Milphuric (uid^ present in sulphuric 
acid, which is mostly sufficient for testing the^‘ nitrous vitriol” 
from the Gay-Lussac tower. 

Among all the analytical methods founded upon the, oxida- 
tion of .litrous acid, both the most .onvenient and the most 
accurate is that employing potns.duin pcvtnungipiatc, first proposed 
by Feldhaus. Eveif foi; scientific purposes we do ij-ot posses^s a 
more accurate method for estimating nitrous acid in an acid 
solution than this, if other oxidisable»bodies be absent. 

Even nitric oxide is oxidised by this reagent, .according to 
this equation ; * • 

loNO f 6 Mn(),K -f 9.S(>,1 1 ., loNO.^H 1 3S( ),K , + 6 SO,Mn 
+ 4H.O. 

• • “ 

Accordingly the V^minormal .solution of perfnanganate, each 
cubic centimetre of whichp corresponds to 0-004 g. O, will shs'w 
0-005 g. NO for each «.ubjc centimet|;e.^ Thtis, on the one hand, 
nitric oxide can be estimated quantitatively by fhis reagent : on 
the other hand, the nitric oxide would make ^he estimation 6f. 
nitrous acid inaccurate if it Wre present at the same time, which, 
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• * * ' 

fortunately, is not the case in sulphuric acid to an appreciable 
extent! ^ * 

Nitrous acid itself is oxidised by permanganate, according to 
the equation : 

5 N’.()^ + 4jMn^KV hSOjIIo - loNO.^H + 2S(),K_. -f 4SO,Mn 

c 

Here every cubic; centimetre of seminormal permanganate 
solution corresponds to 0-009502 g. N.^O^. 

The process formerly in use, where the permanganate 
solution was run into the nitrous vitriol, has been shown to be 
quite inaccurate by my investigations (owing to the formation 
of NO and IINOJ and has been replaced by the plan proposed 
by myself, namely, manipulating in the following way : — The 
permanganate is not run into the acid, but, on the contrary, a 
certain volume of permang'anate solution is taken, and the 
nitrous vitriol is run in from a burette slowly, and witl] constc^nt 
shaking, till the liquid *is just decolorised. In the cold this takes 
some time, since the very dilute solution of permanganate is no 
longer keted ypon instantaneously. This loss of time can be 
avoided by working at 30’ to 40’ C., but no higher. When 
working with egneentrated sulphuric acid, this temperature is 
attained without any special means; otherwise the perman- 
ganate solution is heated up beforehand. If seminormal 
solutioli is employed, it is diluted with about lOO c.c. of tepid 
water. Sometimes a brown precipitate (of hydrated manganese 
peroxide) is formed in the operation ; but this dissolves later 
on, and the 'final fcsult is quite as correct in these as in any 
other cases. 

In testing chamber f^cid, at most -5 c.c. of seminormal 
permanganFfte should be employed; otherwise^ the quantity of 
sulphuric acid required (etc dcfolorising it will be inconveniently 
large. For proper “ nitrous vitriol ” from the Gay-I .u.'ssac tower 
up to 50 c.c. permanganate may be taken. If ;he qumber of cubic 
centimetres of permanganate is called ,r, and that of the acid 
required for decolorising it f, the quantity of N2O3 present in 

grammes per litre of acid is ^ calculated as 


NQ3H 
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or as 

NaN()„ - 

A table given in my Technical Chemists Handbook^ 1910, P- 
137, saves the calculation in all cases in whj,ch a '~ 50. 

In the presence of other oxidisable substances, such as 
sulphurous acid, ferrous salts, organic substances, etc., all 
oxidation methods are of course inexact — whether the bleach- 
ing-powder, or the bichromate, or the permanganate process. 
Generally those impurities are too insignificant to do any 
harm ; but, especially where large quantities of nitr^)us acid are 
present, as in the nitrous vitriol from the Gay-Lussac towers, 
the permanganate proce.ss is quite sufficient for the purpose of 
checking the course of manufacture. Of the oxidisable sub- 
stances only arsenious acid sometimes occurs in sufficient 
quantities to effect the results sensibly, but to a small extent 
only, in njtrous vitriol, where it is mostly changed into arsenic 
acid. 

The*estimation of nitrous acid by means of (Viiline, which is 
converted into a diazobenzol salt, the end of thi; reactiCin being 
shown by potassium iodide and starch, has been practised for 
some time at several colour-works, long before^ it was published 
by Green and Rideal ( /. Soc. Chon, hid., 1886, p 633). Accord- 
ing to comparative tests made in my laboratory, it offers no 
advantage whatever over the very much less troublesome 
permanganate method, and may lead to .serious errors (Z. 
angew. CheuL, 1891,;). 629; 1902, p. 169). 

Minute quantities of hitrogen acids cannot be quantitatively 
estimated by the above methods, but the colorimetric estimation « 
of slight quantities of nitrous acid, as <1 have shown in Z. angezv. 
Cheni., 1894, p, 348, can be performed by Gri^ss’s reagent, 
modified as follows: — o-i g. white. <'?-naphthylamine is dissolved 
by boiling in 100 c.c. water for a quarter of an hour ; then 5 c.c. 
glacial acejir acid (or its equivalent in ordinary acetic acid) and 
a solution qf 1 g.-sulphanilic acid in 100 c.c. water are added. 
The solution is kept in a ^ell-stoppered bottle ; if it turns pink 
it is decolocised by .shaking with zinc-dust /lud filtering. A very 
slight colour does not interfere with ’its ^isp, as only i c.c. is 
employed for 50 c.c of the solution to be tested. One c.c. of tl^e 
reagent indicates yx>Vo mg.niitrous nitrogen iii 100 c.c. waker by* 
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turning 'th\i water pink in ten minute^. Strong mineral acids 
retardv^t <^top the reaction, but this can be^rcmedicd by adding 
a larger-excess of pure sodium acetate. 

'“For quantitative use a standard solution is prepared as 
follows: — 00493 g. pure sodium nitrite, contairyng o-oio g. 
nitrogen', is ([issolved in 100 c.c. water, and 10 cc. of this 
solution is drop by drop added to 90 c.c. pure sulphuric acid ; 
the resulting mixture contains mg. of nitrous niJrogen ift a 
perfectly stable form. Two colorimeter cylinders are charged 
as follows : — Each of them receives i c.c. of the Griess-Lunge 
reagent, 40 c.c. of water, and about 5 g. of solid sodium 
acetate. To one of these is added i c.c. of the standard 
solution, to the other ^ c.c. of the acid to be tested. The 
contents of each cylinder arc at once thoroughly mixed, and 
after five or ten minutes the colours arc compared. If they do 
not correspond, the more strongly coloured liquid is diluted up 
to the point where layers' of equal thickness .^?how the same 
depth of colour in both solutions, aiul the percentage of nitrous 
nitrogen is calculated from the amount of dilution. 

Very minute quantities of ;//V/7V add are best estimated by 
the coloriDictric described hy Z . a}igra\ Chem,^ 

1894, p. 347, the principle of which consists of comparing the 
yellow colour obtained by heating to about 70' with brucine 
with a standard .solution of nitric acid. As a rule, nitric acid 
is not ^ostimated b\' itself in sulphuric acid, but indirectly, by 
estimating the total nitrogen acids by means of the lAtrometer 
(p. 380) and deducting the nitious acid found by the perman- 
ga^vitc met+iod (p.'-387). ‘ 

Flinch (Z, ScJiicss uud Spreugwesen, 1912, pp. 113 r/ sc,q^ 
discusses the volumetric methods for^ estimating sulphuric, 
nitric, and uitrous acid in mixed acids for nitrating purposes, 
and in the wa.ste acids pivKluced in those operations. 
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THE PRODUCTION OF SUTT'HUR DIOXIDE 

A. From Brimstone 

Already in the historical part attention has been drawn to the 
point that important progress was made in the manufacture 
of sulphuric acid when the periodical combustion of sulphur 
within the acitl-chambers was replaced by continuous work in 
special Apparatus attaghed to the ebambers. This led to 
making the sulphur-burners altogether independent of the 
chambers, and conveying the gas generated in the former by 
a flue into the latter. • 

Whilst in the old periodical style of working only the 
oxygen actually present in the chamber coul^l come into })lay, 
and therefore after every combustion the chamber had to be 
supplied with fresh air by opening the door and ,a special 
valve, of course at the expense of much inconvenience and 
lo«s of gas, in the continuous, method of work the necessary 
air constantly enters the burner by suitable op(;nings at the 
same rate as the products of com'bustion are aspirated ‘into 
the chamber by the draught prevailing throughout the apparatus*? 
The continuity of work must be farther aided by employing 
a combination* of several barners, so that there is always burning 
sulphur j^resent. Or else burners are employed to which the 
brimstone is continuously supplied, in order to avoid the 
drawbaclf o’* irregular supply of air and gas occurring even 
with the Combiifation of .several ordinary burners. 

The plainest sulpbiw-burners, such as were formerly^ the 
most usual in England, •are represented Figs. 58 to 60. The 
burner consists of a brick chamber covered^ by an arch, the 
bottom being formed by a cast-iron plate, (i, separately show^n 

891 f ^ * 
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in Fig. 60.* This plate at the tw9 long sides and one of the 
ends has ‘a .somewhat slanting^up flange <?)f 3 in. height — in 
front, however, only 1 in., so as to get out the ashes more 



Fig. 58. 




Fig. 60. < 


easily. The platti does not go right throiigli the burner, but 
leates the last third pf it free; in thjs'part of the chamber the 
sulphur vapour, ^whioh h always formed, can mix with the 
excess of air and ‘be burned. Rarely, however, is this com- 
pletely^ attained, and there is gencrayy some unburned sulphur 
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carried away. This not^on^y causes a loss, but also easily leads 
to the chamber-add getting muddy and being covered with 
a thin film of sublimed sulphur, thus preventing the contact 
between the bottom acid and the gas, which is most necessary 
for the chamber process. The burner is further provided with 
an iron door, /», sliding in a frame and adjustable by a chain 
and balapce-weight ; also with a pipe, c, for taking away the 
g^s. An air-channel, d, below the plate is in connection with 
a small chimney, or sometimes only with the open air, in order 
to cool the metal plate to some extent and prevent the sublima- 
tion of sulphur. 1 here are always several furnaces of this 
kind combined together ; each of them, with plates of 8 ft. x 
4 ft., can burn 5 cwt of brimstone in» twenty-four hours, which 
is put in in six portions, one every four hours; if four furnaces 
are combined, one of them is charged every hour. Sometimes, 
however, much larger and mort frequent charges are made 
(sf:e belqw ^). h'requcntly in these burners, usually at the same 
time, the nitric acid is liberated by^placing cast-iron pots, 
provided with three feet and containing a mixture of nitre 
and sulphuric acid, amidst the burning sulpl\jLir by means of 
large tongs. 

For a start the plates are heated by a j^all fire of wood 
shavings, the door being left open, not till the iron becomes 
red-hot, but only till the first charge of sulphur ignites of its own 
accord or can be easily lighted by a red-hot iron ; the further 
charges always find the burner sufficiently arm. A special fire- 
grate below the plate, to be us^d only at the’ start, is sometimes 
provided, but is quite* unnecessary. The ’admis.^on of a*r is 
regulated by opening the door, />», more or less widely ; and its^ 
position is fixed by'* putting a wfi^^lge underneath it, or by 
hooking the Ijalancc-chain.to a nail driven into fhe brickwork 
outside. At the commencement when the chambers are filled 
with ai.», the damper in the draught-tube is only opened 
gradually^ to^ drive away the air more thoroughly. 

The style of ^working is generally rather rough; we must 
consider that such burners are nowadays hardly ever found in 

* Davis \Chcmical Lm^i^eerinir^ ii, 123) '^tates that up to 2 lb. of 
brimstone can be burned per square foot per hour ♦ TfSis is more than the 
maximum I have ever found in practice. It is best not to reckon upon 
much more than i lb. per squats foot per hour. • • 
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large works, where mcfre supervision can be used. ^Before the 
attendant pulls up the door, he coniinccs himself regarding the 
state oT rtie chambers, so as to judge how much nitre he is to 
“ pot ” along with the brimstone. Sometimes (in former times 
regularly) the nitre is merely measured b) guesswork. First 
the brim.stonc is thrown in ; the door is immediately let down ; 
then a sufficient quantity of chamber-acid is poured into the 
nitre-pots, always by guesswork ; the door is opeiled again, 
and the pots are plJtced in the brimstone, now already on fire, 
b}' means of an iron fork made for the purpose. The heat 
produced by the progress of the combustion drives off the nitric 
acid, and this enters the chambers together with .the sulphur 
dioxide. 

When the time is up, the door is raised again, and the ashes 
are raked out ; first, however, the nitre-pots are lifted out and 
emptied of their liquid contents. Then a new charge is made 
, as above, and so forth. In nil other sulphur-burrtcrs, excepting 
the continuous ones, th<^ work is carried, on in the same* manner ; 
only the introduction of the nitre sometimes takes place in a 
less rough way, or nitric acid is run directly into the chambers. 

It is a sign that the burner is working well if the brimstone 
burns with a pure blue flame; as soon as the flame takes a 
brown tinge, it ^indicates that much sul|)hur is subliming, 
and care must then be taken to cool the plate by the flue 
underneath. 

A somewhat more perfect apparatus is shown in Fig*. 6i. A 
is the foundation, B the chamber for burning the sulphur, (' the 
gaspipe. Tile foundation carries a cast-iia fj plate which covers 
the* whole furnace-bottom and is inclined a little forward. The 
combustion-chambers are at the sides bounded by brick walls, 
but in front, at the back, aVd at the top by cast-iron plates ; in 
front also arc the charguig-doors, d and smalt openings, a ( 7 , 
provided with slides for reg*ulating the access of air. The 
furnace-bottom is divided by 3- or 4-in. iron bars into three 
compartment^, corresponding to the doors and Mi aught-holes, 
which are server' by turns. Inside the potk are Visible, into 
wlijch the mixture of nitre and sulphuric acid is charged. The 
details of construction are often very dfffe^^nt from fhQ.se shown 
in the diagram there arc burners with more or fewer working 
compartments, wiUi different regulation of air, with rails over 
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the bottom plates for in a box instead of the nitre- 

pots, etc. The niV'c^pots rniist receive a very small charge, 
otherwise the danger of boiling over is considerable, and the 
sodium sulphate getting into the sulphur is vcr)^ troublesome. 
When nitric acid is used in the chambers, the nitre-pots are 
not required at all. * ^ 

Sometimes the iron sides of the sulphur-burners arc made 
double, and an air-channel is left in the space between. Thus, 



Fig. 6i. 

of course, the temperature of the burner can be regulated to a 
nicety by opening up a draught through the double. iVon wall 
when tile burner gets too hot, atuf shutting up the draught 
when it gets too cold. • 

The diagrams Figi^ 62 to 65 show a set^of tw(v burners free 
from most of the drawbacks mentioned. Fig. 65 is a sectional 
plan taken at two different levels ; Fig 64 a longitudinal section* 
Fig. 62, half front elevation, half cross-section ; ,Fig. 63, back 
elevation. * 

a is ^he cast-iron bottom platV' for burning the sulphur ; it is 
carried hollow on pillars ; and the channels formed thereby 
undernearth ?he plate communicate with the oujtcr air by the 
opening c^so thit the plate can be cooled 4 'rom below. 7 'he 
channels, d d, left in the* foundation a little further below, com- 
municate ‘ with this s;^.stem, and^ idtir/^ately end outside d'. 
Owing to the difference of level and tempenafure, the air must 
always enter at d' and get out at c ; its quantity can be easily' 
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regulated by partially closing c. Jhe door e is hung in the 
usual way;! The gas of the bunker does no'i go straight to the 



Fig. 64. 


chamber, but first ascends through the*o|3ening / into a space 
separated from tjie^bflrnev proper by ffti arch. Just above the 
opening there is a grating, on which the nitre-pots are put, 
being introduced by the door There is here a small hole, //, 
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lined with an iron tube^ Ton admitting a little more air to the 
upper compartment* and burniiig any sublimed sulphur The 
gas first returns to the front, then back again through the hole 
i and the second half of the upper compartment, and at last 
escapes throftgh the cast-iron pipe /v, comijion to two. burners, 
whose upper stories are accordingly /lot built® alike, but are 
symmetri(KLl. 

This burner (known to myself from actual use) admits of 
very good regulation ; any subliming sulphur on its long course 
through the upper story is either deposited as such or burnt, 
and cannot get into the chambers. The boiling^over of the 



• I’lG. 65. 

nitre-pots can here be rendered harmless by simple contri-^ 
vances. This burner is in some points analogous to that of 
Harrison Blair*(see p. 40 o),i)ut it is much simpler*and adapted 
for a smaller scale of work. As<»a rdfe the working-doors are 
closed wttbin a very small fraction, and the admission of air 
to the upper; %tory is regulated by more or less closing the hole 
A Four siich furnaces work together; every^ half-hour one of 
them is charged with i c\jt. of brimstone. 

Fish (B. P. 7757 'oC 1 ^ 591 ) makes th« burner- bed inefine 
to one side, so that the stilphur can bc*gra^ually moved towards 
that side, where the ashes are raked out. 

In order to avoid thet drawbr.ck commfen to all sulphur- 
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burners, viz., the hij^h temperature Svhich causes a sublimation 
of sulpluiv (which some have tVied to avoid by wetting the 
brimstone with water), and even to turn it to some use, the 
cover of the burner is occasionally employed for drying wet 
materials ; it has soitictimes been made in the shape of a pan 
for heating water or for* concentrating acid, which is the most 
rational plan. 

A large brim.sltone-burner, co\ercd in with evaporating- 
pans, is shown in Figs. 66to6<S. Fig. 66 is a sectional elevation 
on the lines K F G II of Pdg. 67 ; Fig. 67 is a plan on lines A B 
C D of Fig. "66; Fig. 6»S a front view. These diagrams, repre- 
senting a furnace at work in America, have been kindly 
supplied by Dr Karl 16 Stahl, of Johnstown (Pa.)- bottom, 
roof, and sides are formed of cast-iron plates, i in, thick, with 
6-in. flanges bolted together aiid caulked with rust-cement. A 
brick wall, 9 in. tliick, is carried all round, lejfving a hollow 
space of 2 in. from thc^platcs ; a few of the bricks near the fop 
and bottom are put in loo.sely, which permits of air-cooling in 
very hot weather. 'Fhe lead pans placed on the iron roof are 
3' 6"x 10' lo'^xy", the weight of the lead being from 8 to 12 lb. 
per super, foot. 'Fhe furnace bottom consists of five plates, as 
seen in P'ig. 66; bn each of the three front plates (3' 6''x 12') 
from 1000 to r 300 lb. of brimstone can be burnt in twenty-four 
hours. 

An arrangement, mad(i^ by Kuhlmann, for cornbiningci steam- 
boiler with a sulphur-burner (isA edition of this work, pp. 139, 
140), did not answer at all, and has been discontinued. 

All the sulphur-burners hitherto described are built on the 
D’ntermittent plan ; and unless a number of them were working 
together, they would yiekf’a very unequal current of gas. As 
the sulphur must, of cour^p, be allow^cd to burn oTf as completely 
as possible, the furnace in the final stage, and especially just 
before being recharged, yields very little sulphur dioxide, whilst 
it is not po.s^iible to regulate the draught so tfiat vjxactly so 
much less air is introduced as less sulphur is 'burnt.* When at 
last the door is opened for a new chttrge, a very large quantity 
of air rushes into the ^burner and further *011 to the chambers, 
without any siAphur dioxide whatsoever. This irregularity, 
very prejudicial to^thc chamber process, is certainly to a great 
extent neutralised by .the fact that always several furnaces 
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(three, four, five, or more) work tf^gelher in such a way that 
they arc charged in turns ; for instance, with a four hours’ shift 
and four furnaces onfe furnace is charged every hour, and thus 
gives out least gas when its neighbours are fully burning. 

Ihe just-mentioi?ed irregularity is entirely avoided by the 
application of voninmous bunicrs^ which save much labour, and 
moreover, give a much better regulated current of ga: than can 
be obtained with single burners. 

Two such continuous burners have been constructed by 



■ Petrie; we refer for diagrams and descriptions to our ist 
edition, pp. 14 1 and 142. 

The objedt pursued by Petrie is. attained in a more perfect 
way by the furnace of Harrison Blair, in which the volatilisa- 
B’on of the sulphur, which otherwise is a source of inconvenience, 
is utilised to^ make the burning continuous. The apparatus 
consists of three parts, one of which serves for pardy burning 
the^ sulphur and entirely volatilising the unburnt portion; 
the second serves for, completely burning the latter portion ; 
the third for deoc^mpdsing the nitre. Although the two former 
cqmpartments are at a full red-heat during the process, no 
Sublimation of sulphur practically ta^vcs place, and the process 
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is as nearly continuous \'is possible, since the residue need only 
be withdrawn once in twenty-four hours. Fi^. 69 shows a plan, 
Fig. 70 a sectional elevation, of this burner. A is the space corre- 
sponding to an ordinary burner-plate, which has rather high 
sides and a descent towards the door ; but 2 ft. from the door 
it rises again a little, so that the residue raked that part can 
burn out completely before it is removed by the door B, which 



Fig. 6(> 





Fk;. 70. 


takes place once in twenty- four hours. When this has been 
done, the re.^idue raked together from the other parts of the 
burner is brought to the .same place and allowed to burn for 
twenty-four hours again. The bottom of the Burner is not made 
of iron, but of closely-set bricks with welj-gruuted joints, i his 
space A is 9 ft. long, 6 ft. wide, and > ft. hi^h.^ The door B is 
an iron plate, loosely sliding in a frame, but a little slanting so 
that it closes almost aiuTight, and is easily removed. It k 
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perforated by a number of holes, whicK can be either partly c 
entirely closed by a slide. The brimstone is either put in one 
every twenty-four hours through the working-door, or graduall 
through a funnel C. C is continued by a 7-in. cast-iron pipe t 
within 6 in. from the bottom of the chamber ; it is st'/rrounded b 
a wider pipe to protect it against being burnt too quickl) 
The funnel and its continuation are always filled v ith brim 
stone ; and this is «continually replaced as it melts off at th 
bottom. The simpler method of charging once every twenty 
four hours through the door seems after alUo have succeeded bes 
The admiss'on of air through H is regulated so that only sufiF 
cient sulphur is burnt for keeping up the heat of the furnace 
most of it is simply evaporated. At the same time the regi: 
lation of the access of air allows of spreading the proces 
evenly over the whole day. The walls of the furnace are mad 
I J brick thick, in order to retain the heat. The mixed gas an- 
vapours enter through an opening of 9x9 in. (which 
be closed by a fire-clay damper D) into the combustion-spac 
proper, R E, 8x6 ft., divided by three partitions into fou 
compartments, communicating alternately in front and back b 
openings 9 in. square. Here at the same time fresh air enter 
by the opening F, which is provided with a damper of 3 x 8 ii 
Now sufficient air is admitted for burning all the sulphur, whic 
can be recognised with certainty by the fact that on opening 
the plu^ G the entering air docs not produce a new flame. Th 
roof of the combustion-space, E, is formed of fire-tiles, abov 
which a .second story, the nitre-oven, is situated. There ar 
three rows of nitre-pots, N, separated by reticulated brickwork 
which also serves to support another roof of fire-tiles for cover 
ing the nitre-oven, altogetlier 18 in. high. The diagram show 
how the hot g>as circulates round the nitre-pots. The pots an 
renewed every six hours,* so that every two hours another rov 
of pots has its turn. The hot gas, mixed with the nitre-gas 
first passes underneath the cast-iron dome, II; foe a partia 
cooling, then Through an iron pipe, 24 ft. h’gh, into a smal 
cooling-chamber 18 ft. long, 5 ft. wide, and 4 ft. high (whose 
botfom and top at*e coyered with water), and then into the lead 
chambers. Soir.etimfis steam is admitted into the combustion 
fui^nace, which is said to hasten the formation of sulphuric acid 
With a furnace of the dimensions stated, 26 tons of brimstone 
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per week are said to have been burnt in a perfectly satisfactory 
way, corresponding to the work of 15 ordinary burners; by 
cutting off part of the air it was possible 10 reduce the sulphur 
burnt to 5 or 6 tons per week. For an equal chamber-space 
much more sulphur can be burnt than vdth ordinary burners 
without any damage to the process, owing to the even work 
and the jwoiding of any excess of air. Indeed Blair’s burner is 
tnuch commended, and probably would have been more exten- 
sively employed, but that soon after its invention most large 
works (and only such can do with it) passed over from brim- 
stone to pyrites. . 

At the present time, of course, nobody would think of such 
a way of cooling the gas as is shchvn here in the cast-iron 
dome II. We should employ its heat in a (Bover tower, or 
previously for concentrating acid. We should also replace 
the potting ivrangement shown 11. the diagram by the more 
p"*'fect jirrangements to be described later on in connection 
with j)yrites-kilns ; or we should leave it out altogether, and 
suppl)^ the chambers with li(iui(l nitric acid through the 
Glover tower. • 

A modification of the principle of burning the subliming 
sulphur by introducing air behind the burner was patented by 
H. Glover (No. 3774 of 1879). He arranges behind the burner 
a chamber, loosely packed with bricks, in which the vaporised 
sulphur deposits before it can get into the lead-chambers. 
This brick chamber, when it is [)artially filled with sublimed 
sulphur, is burned put by admitting air into it. ^'Ihc heat is 
utilised for concentrafing acid, ami the gmscs afe eventCially 
passed into a Glover tower, where they do all the necessary 
denitrating work. This .system is at work at a Philadelphia 
factory, and gives entire .satisfaction, as observed by myself, 
no repairs having been required after the lapse of five years. 

This^arrangement is shown in Fig. 71. A is the usual burner- 
plate, B ^le ‘‘eeding-apparatus (on the same principle as used 
in Blair’s burner) ; the burner-gases, witji the subliming 
sulphur, pass into the chamber C, where they meet air entering 
through the pipes F, either cold or previously heated by waste 
heat. The mixture further pas.ses fhrougji -chamber D, con- 
taining a network of fire-bricks like that used in a Siemens’ 
recuperator; the mixture'^and conibustion here become f^eifect. 
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and the gases, now entireljr deprived of free sulphur, pass away 
through H and tne flue IK On their way a platinum dish 
E, for concentrating sulphuric acid, is placed on the top of 
chamber D, and further (leaden) pans, J and G, are employed 
for a first heating of the acid. From here the acid gas passes 
into a Glover tower, where it is still hot enougn to concentrate 
all the Gay-Lussac acid (equal to U times the daily make of 
tTie chambers) up to i5o‘’Tw., and impart to it a temperature 
of 127 ' to 132'' C. The lead pans G J and platinum dish E 
produce daily 9000 lb. of acid of 91 or 92 per cent. from 

chamber-acid of about 123' Tw. ; that is, two-thirds of the 
acid made from the 4000 lb. of brimstone burnt on plate A. 
Since this acid is taken directly froin the chambers (the Glover- 
tower acid being used cxclusi\ely in the Gay-Lussac tower), 
and since the concentration is not driven to a higher point than 
92 per cent.,ethe platinum dish never requires any cleaning out 
vf iron «alts, etc. 

• • 

Another sulphur-burner, on the principle of continuously 
supplying liquid sulphur, is that employed at the works of M. 
de Hemptinne, at Brussels, and shown in Figs«72 and 73 (taken 
from the “Bulletin du Musee de rindustrie de Belgique,” 
January 1882, sent to me by the Author).^ It cunsi.sts of a 
cast-iron arch A, .strengthened by bracings, and resting on a 
large flanged wrought-iron plate with flat rivets, which can be 
heated, or cooled by flues underneath. On this plate*there are 
placed, side by side and as^lcvel as possible, four cast-iron 
plates with 3-in. , upright flanges, intended for, burning thf* 
sulphur, which is supplied by four spouts from a cast-iror! box 
C, divided into four compartments and built into the front wall, 
as shown in the diagram. Perpendicular partitions 1 ) serve 
as lutes for preventing the burner-^^as from blowing out in 
front ; if the combustion should spread to the front, a cover 
(not shown here) would at once put out the flame. Thus the 
supply of culphur takes place regularly ; the four hinged doors, 
a rt, in front serve merely for the entrance, of the air and for 
clearing out the cinders. The arch A consists of ten pieces 
bolted together ; it is covered by ligJiL sheet-iron shutters, 
E E, bent to the same shape and covered -vdth a mixture of 
loam and straw, which can be raised or lowered by a chain, 
pulleys, and counterpoises. This admits of regulating tfie 
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heat of the chamber ; if it jises too much, one or more of the 
shutters, E E, arc raised. An alarum thermometer I, in a 
copper tube, indicates the temperature. The gases escape 
through the metal pipe F, resting on a thick-wallcd cast-iron 
box G, fro.n which the deposit formed can bo withdrawn 
through J. Through H an extra supply of air can be let into 
the tube JF. [This arrangement for supplementary combustion 
is decidedly imperfect.] 

For producing cold and dry sulphur dioxide, free from 
sulphuric acid, such as is specially useful for preparing liquors 
for manufacturing wood-pulp, Nemethy (Gcr. F. 48285) 
recommends the combination of a sulphur-burner, cooled from 
the outside by water running down the sides, with a chamber, 
placed underneath, filled with iron borings in which the 
sulphuric acid is retained. From here the gas passes through 
a number of,, flat, perpendicular, i-on boxes, cooled by water 
r-ming, down their sides, and then into the apparatus, where 
it is to be absorbed by ’milk of lime, et?. 

VV! Maynard (patented as a communication to A. M. Clark, 
No. 6982 of 1884) draws the gas out of the chamber where it is 
generated (by burning sulphur in cups) by means of a goo.se- 
neck pipe leading from the top of the chamber to a closed box 
provided with a funnel delivering into another box below. 
Water is discharged by a pipe into this funnel, which has 
grooverl sides, so that the liquor running round as well as 
downwards forms a vortex, and draws away the vapours 
generated in the^ burning-cTiarnber. This arrangement is 
evidently not intended for sulphuric - adSd making, bU for 
prcptirin^ n. solution of sulphurous iicicl, 

Brochon (Fr. F. 355252 ;./. ' 905 ,p. i'/') 

burns sulphir (or pyrites) with au ^excess of air under such 
pressure that the product con-ists partly of strong sulphuric 
acid, and even, under favourable conditions of SO,, at least in 
the early .s'^age of the process. The powdered sulphur (or 
pyrites) i? blown through a vertical tube into a horizontal lube, 
narrowed to a small aperture, and removably fitted to the 
wall of a chamber. Air under pressure, say 10 atmos., is 
forced in through the horizontal ‘tirbe, both,, from its bottom 
and from the end, supplying an excess of air. Ihe vapours 
escape through a narrow channel at the farther eneV of the 




Fig. 75- 


preparing comparatively small quafiti^ic^^of sulphur dioxide 
from sulphur, for blcSchitig', in the nfanufacture of glue, for 
sat?irating the liquors in sugar-works, and the like. It is also 
used in wood-pulp works. A (Figs. 74 and 75) is a cast-iron 




FROM BRIMSTONE 


409 


retort provided with a perfomted dish in which the sulphur 
is placed. B is a Korting’s inj;^ctor, made of rcgulus metal (5 
lead, I antimony), which by means of a steam-jet aspirates air 
through the holes b b into A and causes the sulphur to burn. 
The vapours ^re forced downwards in the inner tube of ihc cast- 
iron cooler C, whilst cold water flows in the annular space 
between tlfc tw^o tubes, entering at the bottom and running out 
at the top. The box D, on which the cooler is mounted, serves 
for retaining any sublimed sulphur and other impurities. From 
here a tube leads the purified SO^ to the place where it is to be 
utili.sed. 

The Nemethy burners, Korting burners, and others, are 
especially used in (lermany and Austria for the manufacture of 
bisulphite of lime, to be employed in the manufacture of paper- 
pulp (called “cellulose”) from wood. A number of other 
burners serving for this purpose are described in the Papier- 
Ztiu. for 4894, pp. 1478 and 1830. ^ 

Fahrner (Ger. P. 183703) describes a burner for sulphur, fed 
by higli-pressure air. The burner consi.sts of a hoiizontal, cast- 
iron box, containing a perforated grid, upon which the melted 
sulphur drops, air being blown in at the bottom. The grid, 
\vhich gets red-hot, and on which the gases and vapour are 
spread out, effects a complete combustion. 

Marsden (for Paul and Tromblec, Amcr. P. 749311^ burns 
sulphur in a vertical revolving cylindrical retort, with longi- 
tudinal and transverse partitiog.s, forming a chamber for the 
holding of a liquid giass, opening into an oxidisiiig chamber^ 
within which is arranged a meltingTank, connected by a pipe 
with the retort. 

Blumenberg (Amcr. Ps. 734397, 708512) describes a sulphur 
burner vvitl* the^rdinary appliances. 

F. A. Clayton (Ger. P. 194948; places on the sulphur burner 
a self-regula'cing valve for the admission of air, a little above the 
burning charge: One end of a pipe is fixed to onq of the walls 
of the burnor ; the*other end passes freely through the opposite 
wall and bears a plug, with a lever attached. A second tubo is 
placed within the first and connected with it by a peg ; asbestos 
packing fills the concentrfc space bctwe*en th» tubes. The inner 
tube is kept cool by a currgnt of water At its end, where it, 
comes out of the outer tube, it beais the, eye of a lever, ifl con- 
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nection with the end of the outer jjiipe* and the other end of this 
lever h ronnected with the ai^-inlct valv'e. The outer pipe 
expands by the heat of the burning gases, while the inner pipe 
remains much as before; the movement, caused by the expan- 
sion of the outer pi|^c, communicates itself to the yever and thus 
to the air-valv6. Hence^ if the temperature of the burner reaches 



Fig. 76. 

inlet) is to protect the exhauster 
and to prevent, the gas from 


a certain point, ait will enter 
into the upper part, or else 
the inner, water-cooled pipe 
is placed somewhere else 
below or outside the burner, 
and the expansion of the fur- 
nace bottom itself is utilised 
for bringing the aforesaid 
valve into action. 

The Schulte and Koert- 
ing Co. in Philadelphia*#up- 
plies a sulphur furnace, shown 
in Fig. 76, made entirely of 
cast-iron. The lower part 
contains a pan in which the 
sulphur burns. A steam-je^t 
exhauster d, draws the gas 
through the cooler placed 
above the pan, and dis- 
charges it under pressure of 
about i^) lb. of water through 
the outlet pipe c\ As the 
exhauster creates an inward 
suctioi'i, there is no escape of 
iimelling gases from the fur- 
nace. The object of cooling 
the gas (d shovv.s'^the water 
(which is partly tn^dc of lead) 
reaching the saturating-tanks 


at^too high a temperature. By taking off the top-cap, the 
exhauster and fRe* whale apparatus lis jicccssible for cleaning 
and renewals. \T[hs* furhace is made ‘in three sizes for burning 


LO, 20, or 40 lb. of sulphur per hour, and is specially intended 
for tke manufacture of sulphites. 
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0. N. Witt (Ger. P. i8633<p) proceeds as follows, in order to 
avoid in the burning of sulphur the formation of flowers of 
sulphur, which means both a loss and trouble caused in the acid- 
chambers through a skin of sulphur covering the acid and prevent- 
ing its contact' with the chamber gases. For this purpose the 
sulphur is first melted and then issues through a circular tube, 
surroundediby a second tube through which passes steam or air 
un^er a pressure of several atmospheres. This converts the 
issuing sulphur into a cloud, consisting of microscopically fine 
droplets, which on burning yields SO, completely free from 
sulphur vapour. If that cloud is not lighted, but passed into 
cooling-chambers, an exceedingly fine powder of sulphur is 
obtained. * 

Savage (Amer. P. 841576) describes a sulphur burner, rock- 
ing on a fixed base. 

The Chemische Fabrik Scheiing v^'Ger. P. 191596), for the 
•conF‘niouj burning of sulphur in air or oxygen, employs a 
furnace, surmounted with a dome, in which a sieve* is moved 
backwards and forwards in a horizontal direction, d'he sulphur, 
in the state of powder, is introduced in a regular vay, anc^ below 
the sieve meets air, blown in by a pump, where it at once burns ; 
part of it passes into the .state of vapour, but this is also burned 
in the furnace, which is filled by a “ sea of flame,” so that the 
oxygen is quantitative!)' converted into SCT. 

Tufts Amer. P. 891115) introduces into a furn^fee lor 
burning sulphur the gases obtained from a pyritic smelting 
furnace, i*fter passip" them through a duJ^t separator, and, 
thereby effects concentration of the" SO., and equalisation*' of 
the temperature. 

Lyman (Amer. P. <Jii 73 S) attains whe complete combustion 
of brimstone by cunning the jnelted S, together wifn air, into a 
chamber, so that the S is converltd into spray and intimately 
mixed with the air. 

The S^ch;.enburger Ma.schinenfabrik (Ger. ^P. 196371) 

describe the«sulph\ir-burner shown in Fig. 77., The sulphur is 
introduced at /, and ignited through the opening n, air bejpg 
supplied by pipe a. Ther SO2 escapes, by pipe d) and molten 
sulphur collects at the bottom of the I'uPnace. , 1^'esh sulphur is 
introduced through e into the funnel /, the lower end of which k 
luted by the molten sulphlir in c. 'The^ upper portion the 
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funnel is water-cooled by the tan^< o* Compressed air may be 
inlrockiGed into the pipe /?, to tjurn any sulphur sublimed there. 
Clark (Amer. Pa. 952098,952099,952100) admits hot air into 

the sulphur-burner, in 
order to 'Effect the com- 
bustion of any vapour- 
ised sulphut, and keeps 
the gases at about 1 100°, 
in order to decompose 
any SO3 that may have 
been formed. His fur- 
nace comprises a pre- 
liminary combustion 
chamber, and a .second 
combustion chamber 
into which the products 
from the fir-it chfPmber 
are directed. Means 
are provided for the 
77 - admission of hot and 

cold air, and for the regulation of the furnace temperature. 

Grimm’s suipbur-burncr (H. P. 10774 Amer. ,P. 

957418) consists of a combustion chamber suspended in the 
upper part of a metal jacket, through which water is made to 
flow. ' The sul[)hur is (^ontained in a loose tray, sligjitly raised 
above the floor of the chamber, and air is supplied under 
pressure. , The gjas passes out of the fprnace and then back 
through a number of cooling-pipes situated in the lower part of 
the jacket; any proportion of air may be mixed with it by 
means of a valved by-pUss from the air-supply pipe. Molten 
sulphur may be supplied as required from abo^/e by means of a 
.screw valve. The supplies Of air and sulphur are thus under 
perfect control, and any desired temperature nlay be main- 
tained, gas, of any desired concentration beiti^ continuously 
produced. , 

, Westgate’s burner (B. P. 17348 .-of 1909) is very similar to 
the preceding. ‘ ’ * , 

Contamin (Amer. P'996215) employs for the production of 
80.2 for fumigating, etc., a con^bustion-chamber containing 
supdVposed plates to hold ‘the burning sulphur and baffle-plates 
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to give the gases a zig-zag cc^urse through the chamber ; then 
follows a chamber with cooling-pipes around which the gas 
flows ; from this the gases pass through a pipe with reticulated 
terminus into a dust chamber, provided with baffle-plates, from 
which they arc taken by means of a pump into a refrigerating- 
chamber containing baffle-plates and cooling-pipe.,. 

Oddo (li P. 21255 of 1908; Ger. P. 225321 ; PV. P. 397450) 
desJribes brimstone burners, similar to the Maletra and 
Herreshoff burners for pyrites smalls, both for operation by 
hand, and in circular mechanical furnaces with four stories, 
provided with a vertical spindle with radial rotating arms. 

He discusses his processes for utilising raw brimstone ores 
directly for the manufacture of sulphuric acid in them. Zcii.y 
1910, pp. 505-507, 5 14 - 5 1 5- 

Stebbins (Ainer. P, 934700J sup[)lics fused sulphur to the 
burner automatically and continuously, without opening the 
front door^ which always causes irregularities in the entrance of 
air. The proper quantity of air is constantly introduced, and a 
mixture *of SO^ and air of perfectly constant composition is 
produced. • 

Thalin (Norw. P. 20450) burns sulphur vapour with the 
requisite quantity of air in a revolving drum ; the non-oxidised 
sulphur vapour is precipitated in a special chamber and burned. 

G. Ph Miller (Amcr. P. 1018255) provides brimstone burners 
with an aijtomatic feeding arrangement, and with a meclianical 
agitator operating beneath the simface of the burning sulphur. 

P"eld (B. P. 21996 yf 191 1) burns the sulpnur in ty^o pha.ses. « 
In the first place, only sohnuch air is ftitroduced as is necess^Vy 
to produce a sufficient degree of heat. 'Phe mixture of sub- 
limed sulphur with SO., thus obtained is completely burned 
into SO.j in a cuwent of preheated air. , 

In Germany, in 1900, thirty-three paper-works made sulphite 
cellulo.se (vvood-pulp) by means of brimstone, of which they 
consumed ^5-/0^ tons per annum, whilst other ^thirty-three 
works employed for that purpose 70,000 tons, pyrites. Both 
kinds of works together produced 350,000 tons of wood-pulp per 
annum. 

In the United States' that industrj^ is ^Is® very largely 
developed. 
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^ Residue from R^'iinstone-Bkrners, 

The following analysis of the residue from the sulphur-burners 
has been made by Richardson (Richardson and Watts, Chemical 
l'eihnology\ vyl. i , part 5, p. 198) : — 


Sodium sulphate ^ . . . . 

. ‘ 13-77 

Calcium sulphate - . 

28-49 

Calcium silicate - . . . 

15-91 

Sodium silicate .... 

l-IO 

Ferric oxide and alumina 

2-8o 

Water and sulphuric acicF 

1305 

Insoluble . . . . 

24-29 


99.41 

Cooling the (las from Brimstone- 

-Burners. 


A special cooling of tlv: gas from sulphur-biuncrs for manu- 
facturing sulphuric a^id (as distinct from that ofbuAilpMte of 
lime) is, as a rule, not only unnecessary, but even injurious ; so 
that, for instance, in the furnace shown in Figs. 62 to 65 
(pp. 396, 397) ‘the vertical metal pipe conveying the gas to the 
chamber had to be [)rotected against cooling by a brick jacket. 
Even where no 'tooling takes place by water-pans, steam-boilers, 
etc., the gas gets into the draught-pipe sometimes at only about 
100" or 120 C. temperature, which is just sufficient not to allow 
the nitric acid to condense before it gets into the rchambers, 
a contingency decidedly to be avoided. Where water-tanks, 
acid-pans, etc., are used, the temperature >of the gas is said to 
come down as low as 4o"'C. ; in this case only liquid nitric acid 
can be u.sed for the chambers. In Blair’s or Glover’s continuous 
burner the temperature* certainly rises much higher ; and in 
this case a cooling anrangement; such as th^t described, was 
formerly thought indispensable, before means had been found 
of utilising the heat of the gases in a Glover tovver'or otherwise. 
In the preceding descriptions of other recefitly 'constructed 
burners the cooling of the gases is several times mentioned. 

^ The sodium kiiphate and Ihc fice- sulphuric acid (or rather the acid 
sulphate) evidently corr.e frem the nitre-poti boiling over. 

“ The lime no doubt partly comes fiom the brickwork o%the furnace. 
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B, Tiik Pkuductio.n of Sulphur Dioxide from Pyrites. 

I. BREAKIN(i THE P\ RITES. 

The pyrit ‘s, as it comes into the market, is always suffi- 
ciently pure to make a separation from <^angue unnecessary, 
except in tiie case of pyrites picked from coals (“coal-brasses,” 
p. 55 ); but this is only a locally used by-product. 

It is, however, always necessary to break up the larger 
lumps in order to burn the pyrites completely ; and this is 
always done at the works themselves — except in a few cases, 
where they buy smalls direct from the mines. The majority of 
the factories break the ore by hand ; and it is found that 
various descriptions of ore behave very differently in that 
rtRspect. The Norwegian ore is the hardest; here the large 
lumps have to [)e broken with great labour by means of 30*lb. 
foreK;^mmers. The Westphalian ore js much more easily 
broken — still more easily the Spanish and I'ortuguese and 
some oP the P'rench ores ; these, however, make a good deal 
more smalls, 10 per cent, and more, 'fhe softest ore is that 
from Chessy, consisting of loosely aggregated individual 
crystals, which by a blow of the hammer fall to powder. Some 
of the Spanish ores are equally roughly crystallised ; these ores 
aie very troublesome for use as lumps. 

In England the ore is generally broken so that all the pieces 
pass through a sieve with 3 -in. holes. On the other hand, as 
few smalls as possible are made. The broken or,e must be« 
sifted again to separate* the smalls, ’for wdnch purpose soTiic 
works pass it through a Oin., others through a ^-in. riddle. 
What remains on the 'riddle is lump,; what passes through, 
smalls Jincs or d^st. Each of, them has to be treated separately. 
It is very important that the ore be used neither in too large 
nor in too small piccc.s. In the former case it does not burn 
right through ; there remain green cores in the interior of the 
cinders, which can .be seen on breaking them lyj. The.se large 
lumps also get too hot on burning, and may cause the formation 
of slags (scars) by production of FeS, as will be subsequently 
explained. If, on the other hand, the p*leces ^re^too small, they 
prevent too much the access of air, and similar results follow in 
this as in the former case. • 
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It is quite obvious that the pyrites burners can be worked to 
full advantage only if the ore is in pieces »of as uniform size as 
possible, and it would hence be the best plan, although it is 
hardly practicable in reality, to separate the broken ore into 
a number of sizes^ to be burnt in separate ki’ns. At Oker 
formerly the «ore was, broken to walnut size for the grate- 
burners, as shown later on. For deep kilns, as novf altogether 
used there, the ore is broken into pieces of 2 1 in. size. The 
fines, sifted through J-in. sieves, are burned in a Rhenania 
blende furnace (c/. later on). 

Owing to the great manual labour required for the breaking 
of pyrites, utechajiical stone-brcakcrs have been introduced for 
this purpose, quite similar to those which are used for road- 
metal. One of the.se machines is that of I^lake, built by Mc.ssrs 
Marsden of Leeds, which is shown in h'igs. 78 and 79. This 
machine is made of various sizes, and accordingly varies in the 
amount of work turned out and in the size of stones can 
attack. A and B are the two active parts, the “jaw.s.’' A is 
fast and perpendicular, B movable, and makes with A an angle 
of 72 , by oscillating a little round the fixed shaft D. This 
movement is communicated to the jaw B from the main shaft, 
H, by means of the angle-lever, EE', and the crank motion, 
GH, so that the angle-lever presses the jaw B against the stones 
charged, the return motion of B being caused by a spring, F, 
cased 'in india-rubber. The angle-lever is adjustable by the 
wedge, N, lying behind its arm E'. The roller, C, causes the 
broken stones to be regularly ejected ; it receives its motion by 
a belt frorrt the main shaft, by means of the pulleys, K, L, and 
the expanding roller, M. The crank-shaft, II, is also driven by 
a belt from the fast anti loose pulle)'s, IF. The machine is 
mounted ort a four-wheeled bogie. It makes,, a great deal of 
noise and needs frequent repairs ; but the jaws, which princi- 
pally suffer, are so arranged as to be easily replaced.- 

Blake’s engine has been improved by Broadl:^ent & Son, of 
Staleybridge, who have replaced the spring bedded in india- 
rubber by a simple, easily-adjustable lever arrangement, which 
saves labour as Compared with the original contrivance. Output, 
according to sizc,^frbm 40 to 130 torfs in ten hours; price ^140 
to ;^375- 

At Oker, a steam-engine of 12 h.p. drives two stone-breakers, 
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mounted one above the other. The ^higher one breaks the 
large st,ones roughly, the lower one down. 'to the proper size. 
They supply, in the case of very hard ore, of 2^ in., 6o tons, 
with milder ore, 72 tons per shift of ten hours. 

A crushing-mill was invented by Motte, at Dafnpreny, near 
Charleroi, which has ^bcen improved by the Marki.sche 
Ma.schincn lAibrik (Gcr. 1\, 16th October 1887; Din^rl. polyt. J,, 
ccxxvii. p. 58). The principle is that of a peculiar kind *of 
mortar, with hollow bottom, in which the crushing is done by a 
pestle, as .seen in Fig. 80. Whether 
this mill is really preferable to the 
older stone-breaking machines, ex- 
perience will show. 

Durand and Chaptal’s stone- 
breaker consists of a number of 
hammers attached to a horizontal 
revolving shaft. It is said to tnake 
less du.st than other stone-breakers. 
The smallest apparatus breaks from 
8 to 25 tons of stone in ten hours, 
with an expenditure of 2 or 3 h.p., 
the larger size from 80 to 1 30 tons, 
with 6 h.p. 

Vapart’s breaking-mill (address, 
“ Chenee, Vieille Montague”) works 
centrifugally. 

Tne Humboldt Engineering Co. 
at Cologne (Ger. P. 1906, lath January 1878) manufacture stone- 
breakers which do twice the work of those formerly in use, with 
the expenditure of the sanje force. 

Other improvements in stone-breakers have been invented 
by Brown {Scient. Amcr., 1879, P- ^94) and Welter (Ger. P. 
7494, 5th March 1879). . ' 

A machine very much recommended is Ikeuer’j: “,Sectorator ” 
(Ger. P. 304^7) supplied by Ernst Maetz, Berlin^ S.W. As 
shown in Fig. Si, it contains a straight breaking-jaw, <7, firmly 
connected with the solid frame, whjlst the movable jaw, 
is suspended ii\ two 'steel trunnions, and is partially revolved 
against the jaw, <7, thus crushing the material. The angle 
betwer,n the two *jaws is r.ather alute, so that large pieces 
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are easily caught and carried forwards towards the bottom 
slit. If both jaws are arched, the material, especially large 
pieces, would be able to escape upwards for a long time, until 
gradually broken up. The width of the bottom slit is 
adjustable by a wedge even during work, so that any size 
can be obtained. The plate c behind the excentric sheave, 
which is .easily exchanged, is of cast-iron and of a smaller 
section than any other part of the machine subjected to a 
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breaking-strain, so that in ca'c of excessive strain by the 
passage ’o^ a foreign body (iron, etc,), that plate must give 
way before a^^'y other part of the macliinc. 

Even at .some large works they prefer dispensing with 
mechanical stone-breakers, principally for two reasons. The 
first of these is that they make more dust than breaking by 
hand ; but since dust L now even more" profitably burnt than 
pieces, this r ason is no longer valid, 'fhe other reason is, 
that at large works there is always a certain number ^f md\i 
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who are incapacitated for other woj'k yr who are temporarily 
unoccupied, and these are best set to stone breaking. 

2. Pykites-ijurners eor Lumps. 

Among the apparatus for burning pyrites in the manufacture 
of sul[jhuric acid, a distinction has to be made bctw^'cn those 
intended for lump;? and those intended for smalls. It Ps 
indispensable to keep both kinds apart, and to employ 
different apparatus, or at least processes, for them ; for if 
the broken ore is put into the burner without separating 
the smalls, the air-channels, which ought to remain between 
the pieces, are soon partly stopped up with powder, and 
the access of air becomes irregular; thus scars are formed 
and proper work is then impossible. Apart from the coarser 
and finer powder obtained on breaking, a great deal of 
smalls comes into the trade direct from the mines, obta^ried 
there by the u.se of water for separating the ore from the 
gangue, 

Wherb cuprepus pyrites is roasted without any regard to 
the utilisation of the sulphur, the only object being the 
extraction of the copper, usually no regular kilns are employed 
at all, but the ore is burnt in “ heaps.” This was formerly ' 
done on an enormous scale in the south of Spain ; but the 
damage to health and vegetation was so great that a law was 
passed compelling manufacturers to abate this nuisance. In 
opler to avoid the necessity of building the very large number 
of clv&sed kiliis which would be required for that purpose, 
various proposals have been made. We quote that of Fleming 
(B. P. 10153 of 1887). Above the roasting heap, and extending 
downward over the whole portion (about one-third) which emits 
the fumes, is suspended an irondiood, lined with tar and painted 
outside with a non-conducting material. The hood is supported 
by chains from two pairs of shear-legs, and the whole is 
strengthened by iron stays. At one end of the hood is a pipe, 
by which the roaster gases are led to condensing-flues, where 
arsenious acid separates out, and thence into vitriol-chambers. 
If the gases contain ab excess of air, tliey arc taken through 
calqining-furnaces ; if the amount of air is insufficient, more can 
hh supplied by regiflating-dampers in ‘'the flues. [Apart from 
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all other objections to this process, the “ iron hood lined with 
tar” is sure to be hot very durable] 

The burning of pyrites in litnip^ {pieees) for the manufacture of 
sulphuric acid is always done in such a way that the combustion 
heat of the pyrites is utilised for mahUaining the process 
without employing any extraneous fuel. The apparatus used 
for this purpose arc called “kilns” or “burners.” In the first 
e*dition of this work (pp. 1 51-154) there will be found a 
description of the old and now abandcjiied kilns, with many 
diagrams — as the burner originally employed by Farmer, 
the first shape of tall kilns without grates, the Oker kilns for 
roasting the Rammelsberg ores. These kilns (except Farmer’s) 
are constructed without grates; they are still used for roa.sting 
poor ores, lead-matte, etc. In the same edition there is a 
description of the l^clgian hearth-furnaces and of the Marseilles 
furnaces, both of them very faiilly and quite antiquated (pp. 

1 57 <ind^ 1 58). This also holds good of the various descriptions 
and illustrations of “ Freiberg kilns,” ^till given in our second 
edition (pp. 214-218). Instead (jf these, 1 am etiabled, through 
the kindness of the respective authorities, ta shov^ the kilns 
now used at Freiberg and at Oker, at the Government works 
carried on at those localities. 

For poor ores and intermediate products which must be 
treated at metallurgical works (pp. 112 et seql), furnaces are 
required of a different kind fiom the grate-burfiers now 
universally employed for good pyrites in lum})s. The style 
of kilns now used at the Muldenhutten near Freiberg is shown 
in Figs. 82, 83, 84. They serve for'poor iron-pyrites continuing 
blende and arsenical pyrites, as well as for lead- and 
copper-matte. 

The grate formcrl)' employed ai f'reiberg has'been replaced 
by slanting cast-iron plates, g. The air does not now enter 
through special channels, but through the discharging and 
working Jk'Ics. a shows the charging hopper, the channel 
through which the charge gets into the kiln, ^ the exit channel 
for the roasting gases, d openings for spreading out the charge, 
e working-holes, / discharging-holes. Each kiln roasts about 
25 cwt. of pyrites per twenty-four hoiTrs; 5,kil»ns are combined 
in a set. The sulphur is roasted off to 4 or 5 per cent, left in 
the cinders. • 
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For richer and purer pyrites, at Fr'i!;iberg grate-burners are 
employed, consisting of 3 kilns, with 25 ^q. ft. grate surface 
each, and a distance of 4 ft. from the movable grates to 
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shallower kilns (the ore lying 6 ft. deep) for the richer ores (de- 
scribed, p. I [5). The English grate-burnerr, formerly employed 
at Oker, have not been found sifitable for this class of ores. 

Kilns of the just-described kind have been found indispens- 
able for roasting poor ores, matte, etc., where Jthe sulphuric 
acid is a by-product and where the heat generated in the 
process is less than when roa.sting ordinary pyrites, (Containing 
at least 40 per cent, sulphur, usually a good deal more, silch 
as is now universally employed for the manufacture of sulphuric 
acid as a principal product. For such richer ores the kilns 
or burners ought always to be constructed with grates and 
asJi-pits. This causes a considerable improvement in the 
working of the furnaces.® Where the air has merely to pass 
through a mass of burnt ore, its quantity cannot possibly be 
regulated at the inlet, but only by dampers at the other end of 
the furnace. It is even a mT)re serious disadvantage that in 
this case the subdivision of1;he air inside the burner mii,^t be 
very irregular. According to the greater or smaller resistance 
offered by the individual portion.? of the layer of pyrifes, the 
air wilE pass through very unequally, and in less quantity 
at the places where most pyrites is lying and where it is most 
required. The introduction of a grate and a closed ash-pit 
alters the state of the case at once, in this way, that only a 
definite quantity of air need be admitted into the ash-pit, and 
that, moreover, this air must first spread equally underneath 
the grate and rise all ovef the area of the burner, l^hus the 
ore is much more, completely *burnt, and at the same time 
rich(y' gas is obtained, which leads to a betfer chamber-process, 
higher yield of acid, and smaller consumption of nitre ; the 
operation of drawing out Jhe burnt ore -becomes much more 
regular and offers a greater guarantee against i;aw ore getting 
into it ; lastly, it does not* hapj^en^ so often that fused masses 
(“scars”) arc formed in the burner, although also , in' the case 
of grates this easily happd'iis if the method of wording is faulty. 

The introd'uction of grates led to further improvements — to 
begin with, a din\inution of the height of the burners, which 
mad6 them much .handier for worthing, and which acted 
especially well whh more, easily fusible ores, although in some 
places the other extreme of too low layers of pyrites has been 
resorted to. < . ' <. 
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The different descriptions of grate-burners which were in- 
troduced into Engknd about i860, and have been employed 
up to this day both there and in many factories abroad, are 
shown in Figs. 85-89. 



Fig. 8$. 


Figs. 85, 86, 87 shiiw a somewhat simpje consiruction, 
which'^can be made wiiii open sand-castings; Figs. 88 and 89 
a more expensive kind of front plates, requiring planing. 



turning, etc. : the latter are much neater r.no cleaner, because 
no putty is required for the doors. • Somf tipies these front 
plates, however, become a little wariicd, and then the doors are 
not tight without putty. • 
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P'ig. 85 shows two burners in front elevation and one in 
sectioiv first burner without doors. P"ig. 86 is a cross 
section, showing two rows baefc to back ; Fig. 87 a sectional 
plan, half taken just over the grate, half through the middle of 
a door. (7 is the working-opening, with the door which slides 
in the grooved ledges, c c, provided on the front plate. The 
small door only to be u.sed exceptionally, is arranged in 
precisely the same way. The openings of the brickwork inside 
are protected by small metal jilates ; c is the movable cover 
of the ash-pit, {)rovided with air-holes ; / f arc the grate- 
bearers ; the front bearer, /, at the same time carries the 
bottom plate for the front wall, and is perforated with round 



holes ; while / f cTre cut out in .semicircles. The arches are 
.‘>:prung parallel with the working-doors, and by the draught- 
holes, g arc in connection with the gas-flues, Ji h. The 
latter, like the burners, arc cased in metal plates ; they are 
covered with fire-tiles. % 

A somewhat more costly but more perfect arran'gement is 
shown in P'igs. 88 and 89, in front elevation and two sectional 
elevations, a is the working-door, with the; small, slide b for 
observing the interior of the burner^ it turns on hinges, and, 
as shown in Fig". S8, h/s on a projection of the front opiate, 
slanting forward toA^arcIs the bottohi ; ' all the metal parts 
coming into contact are planed and faced, so as to close air- 
light.s The doorsV r for the grate vind d for the ash-pit are 
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constructed in the same way, whilst the rarely-used doors c 
and / (the latter feir the ^^as-fluc) are made in the simple 



Fie. 88. 


manner shown in V\g, 86. The burners are r*upposccl to bo 
the last of the row; so that the nitre-oven with the semi- 
cvlinclrical trou^yh //, the saucer /, and the hopper /’ are 
immediately joined to them. 

I'he diagrams are all on a 
scale of j to 50. 

lui^lish p)'rites - burners 
ijencrally have a moderate 
area of grates, about 4 or 5 ft. 
wide, and 4^ to 6 It. from 
front to back. The inner 
walls sometime; rise quiti; 
perpendicularly; more fre- 
quently the two sides and 
the back a little out- 

wards, up to the level of the 
working-door, to the extent 
of 6 or 9 in. in width, and 
half as much in the back ; from that kfvel the walls rise again 
perpendicularly up to the roof. The front wall, which is only 
9 in. thick, and mostly [fl'otected by a i-in. or i^.-in. t^nctal* 



Fig. 89. 
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plate, rises perpendicularly, and js perforated by several work- 
ing-hglqs. The ash-pit has either vertical sides or, more rarely, 
sides converging towards the bottom, in order to facilitate the 
removal of the cinders. Its depth varies from i6 to 24 in. 
The level of the Y^orking-doors, which determines the depth 
of the layer of pyrites, varies from i ft. 8 in. to 2 ft 6 in.; 
but the former depth is considered by most Knglish acid- 
makers too little, rat any rate for average ores, and they prefer 
a depth of between 2 ft. and 2 ft. 4 in., but nearer the higher 
than the lower limit. In Germany, the depth of ore is only 

I ft. 6 in., even down to i ft. 4 in. {cf. p. 434). The reason 

for this is the fear of .scarring, which English experience with 
the same ores proves to be unfounded. The height from the 
upper level of the ore or to the abutment of the arch is usually 

about equal to that of the working-door, say g\ to 12 in., and 

from there up to the crqwn of the arch another 8 or 9 in. 
The arch itself is either sprung from side to sidc^^ as^is the 
custom on the Tyne (whereby the walls arc made to bear the 
weight more equally and the working through the doors is 
facilitated), oi;^ as is usual in Lancashire, from front to back 
(which is more advisable in the case of two rows of burners 
being built back to back, in which case the arch is sprung oyer 
both burners together, with a supporting wall in the centre). 
In any case it is advisable to build the burners back to back, 
even With arches sprung from side to side, wherever it is locally 
possible ; thus one back wall is saved, the heat is kept up better, 
^and a common ga.^-flue can be employed. , 

^The gds-Jluc oT the English burners is always at the top, 
each burner-arch having^ a hole of 4 to 5 in. square leading 
into it. These holes are* not always provided with dampers ; 
but by gradually increasing the size of the holes as the 
distance from the main shaft becomes greater, regularity of 
draught is produced. The flue itself can be m^ade of bricks 
set in tar and sand, and covered with fire-tiles.' Most modern 
works prefer fopning it by a second arch, about' 6 or 12 in. 
above the burner-roof, reaching right across the whole burner, 
and supported by the front plate being ihade high enough. 

The principal feature of the Engti.sh pyrites- burners, which 
i.s found in all continental works as, well, except in some burners 
‘for nretallurgical 'purposcs ‘(Mansfelh or Freiberg kilns), is the 
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* employment of >( square or oblong section, movable 
in bearings, and leaving larger or smaller spaces between them, 
accofding to their position. (According to Ilasenclever, in 
Hofmann’s Z>Vr., 1875, i. p. 158, movable grate-bars have been 
used in F'ranc^ ever since 1848.) P'ig. 9Q represents .such a 
grate-bar, showing also the parts which are forged or cast with 
a ‘circular section, so that they can easily turn in the respective 
hollows of the bearers. Bars 2 in. square are usually made 
of wrought iron ; the oblong bars, 2 by 3 in., which, being 
turned on edge, leave a larger space, and therefore only suit 



Fig. 90. 



^ F iG. 92. 


larger pieces, arc mostly of cast iron. The grate-bars lest on 
cast-iron bearers, as shown in Pig. 9 ^ j shallower 

kilns (4i to 5 ft. from front, to back) there are t^o such, in 
the deeper kilns (5 ft. 3 in. to 'S ft. from front to back inside) 
three. According to this, of course, two^or three rounded places 
must be maeje c.i the bars themselves. Lest these should be 
weakened toa much, the diameter of the rouijd parts in the 
square bars is made equal to the side of the square, in the oblong 
ones equal to the smaller side. In any case the front piece 
of each bar, where it projects beyond 1;he b^afiing-bar, has a 
square or oblong section, so that it can be turned round its axi.'^ ^ 
by means of a suitable key (^dg- 9^)- The intervals betwe^M the 
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grate-bars arc mostly managed so fthat with 2-in. bars they 
are a^ont 2 in. when the bars are in th3 situation shown in 
93 J if they are turnccl 90", as in Fig. 94, the intervals 
will only amount to 1 J in. In another actual instance the 
diameter of the bars was i| in., the clear distance, in the straight 
position iJ. in., in thg diagonal position i in. If, lastly, the 
situation is as in Fig. 95, where half of the bars are„turned, the 
intervals will be ^between the two above limits; and as each 
bar can be turned .separately, many combinations can be 
produced. U.sually the bars stand as in Fig. 94 — that is, all 
with their diagonals in a horizontal plane, or with the smallest 
possible intervals, so that the pieces of ore cannot fall through. 
As soon as a portion' of the ore has to be removed, the 
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Fig. 93. 
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attendant takes hold of (nc front end of the bar with his key, 
^and moves it a few times from side to side. Thus a kind of 
cru.shing action •'vvill bc» excrci.sed on ' the cinders getting 
between the two bars, the intervals are momentarily enlarged, 
and the cinders jammed between the bar.s are forced downwards. 
Of course g^-eat bodily exertion is required fqr this w'ork. At 
the same time, by the action, pf t|ie key, the pyrites is loosened 
up to a certain height. The workman now goes .from one bar 
to another, generally leaving one out, and shakes them, accord- 
ing to his jifdgmcnt, so far that an equal quantity pf burnt ore 
is drawn out ah over the area of the grate. That which has 
fahen through h allowed to lie in the ash-pit till the time comes, 
once every tw^ejity-four .hours, for opinirlg the bottom door and 
taking away the cinders. 

new shape of bars, which was oaid to possess great advan- 
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tages over the ordinary a-igidar ones, was patented by VV. Helbig 
{Dingl. polyL J.,Qc^yiV\\. p. 67) and is shown on p. 2'>2 of our 
second edition, but omitted here, as it seems to have found no 
practical application. It was a cast-iron bar with a worm- 
thread all roir^d it. 

A burner patented by Harlan & Grenshaw (Cer. P. 100243) 
contains l^llow grate-bars, with tapering, narrow chambers, 
risfng vertically nearly to the top of the layc** of pyrites, so that 
the air enters not merely at the bottom above the grate, but 
also higher up, nearly to the top of the pyrites. 

Dr Burgemeistcr (private communication) employs bars 
made of a cruciform section. When turning these round, the 
smaller pieces easily fall through ; the larger lumps get between 
the bars and either pass through on turning back or are 
crushed. The following diagram shov\s the different positions 
of the bars : * 

-h -f + + 

X X X X 

It is a great improvement (but rarely met ^vith, because it 
nece.ssitates a somewhat complicated plant) if \.\\(: ash-pit is deep 
enough for introducing an iron bogie below the grate whose top 
e(juals the whole surface of the grate in size ; the ash-pit door, 
ol course, must be correspondingly large. The cinders in that 
case fall direct into the bogie, and can be wheeled out ifi a few 
moments ; otherwise they have to be raked out by hand, during 
which time the door must stand*open, and much false air get# 
into the burner. Wherc^here are not two rdws of burners built 
back to back, it is possible to charge on one side and discharge 
on the other ; but there is not much advantage in this arrange- 
ment, which takgs a great deal of space. • 

The discharging of the hum* ore {cinders) is sometimes 
expedited" by iron bogies running on tramw'ays, which are 
introduced^ into the a.sh-pits, and into w'hich the cinders fall 
when the grates are shaken. This very good plan necessi- 
tates a system of tramways and turn-tables, as well as a 
lowering of the whole door. The following simple and equally 
efficient plan seems therdore worthy d" recopinjendation. It is 
a tilting-hox (P'igs. 96 and 97). There are two independent 
parts : — first, an iron bo'^, of suitable dimensions, wiUi two* 
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outside pivots near the upper edge ; secondly, a light but strong 
wheeled frame, which ends in forks fitting under the pivots. As 
shown in the diagram the whole is used like an ordinary iron 
wheelbarrow on any hard ground. l)ut by lifting up the handle 
the box Ls first lowered to the ground, then the fijrks slip out 
and the frame can be run back. Similarly, the box is taken up 



Fig. f)y. 

t- 

again by running the fraipe in, and depressing the‘ handles till 
the forks take^ hold of the pivots. The boxes can be made to 
fit into the ash-oits, and the cinders discharged into them 
dire9tly from the grates. Of course other applications of this 
barrow will be foiinci useful in chemical Works. 

In order not .^.o obliiged to opcif the whole ash-pit when 
shaking the bars, all the best furnaqes are provided with a slit 
in th(^ front plate’ through which fhe ends of the bars are 
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accessible. Except whilst tl'^e bars are being shaken, the slit is 
covered by a door, \V’hich is best made in two halves. ^ , 

Special arrangements for preventing the bUnving-ont of sul- 
phurous gases. — Norrington (Ik 1 \ 4131 of i<S7S) makes the ash- 
pit doors to slide in horizontal frames, and connects all tjic doors 
of a set of burners by jointed rods, so that they can all be moved 
together iii a horizontal plane by means of an cndle.ss screw 
anfl gearing at one end. All the ash-pit doe^r.s are thus opened 
and shut at the same time. This is always done whenever any 
one of the working-doors is opened so that no gas can blow out, 
as the air cannot enter in any other wa)-. xYceording to infor- 
mation from Messrs Charles Norrington Co, Plymouth, this 
arrangement effects a considerable saving of nitrate of soda 
and of sulphuric acid; owing to the regularity of draught, 
all kilns burn equally well. 'Phis statement is confirmed by 
Dr Ballard (Report to the Local, Government Board, 1879, 
P- >8c4. ^ 

According to a communication from Mr K. Waltc'r, a simple 
means of preventing the blowing out of gas at the working-door 
during charging is this: to arrange a Hue vnderneath the 
burners, in connection with the chimney, which is opened during 
the charging just sufficiently to prevent any blowing out at the 
woi king-door. Less gas is lost and less nuisance is produced 
in this way than is otherwise the case from the working-doors. 
With thij arrangement the ash-pits require only loosel/ put-on 
wrought-iron doors. 

In England it would probably not be alfowed to discharg# 
the gas into the chimney, even for a short tune : this objection 
is overcome by the following plan ^ 

Ilasenclever {Cheul. hid., 1895, p. 494) describes the following 
arrangement foi* preventing any escape of gas froifl the burner- 
doors into the working-shed during the time the doors arc open 
for charging.*' In some cases the chambers are placed high 
enough ov(;r<the burners (say, at least, 18 ft above the floor) 
to .secure sufficient draught at all times ; but e^en then the false 
air entering during the time of cliarging may be troublesome 
in the lead chambers, The device proposed by Jurisch {Ueber 
die Gefahren fiir die Arbeiter in chemisNien F^ibxiken, p. 37) that 
a by-pass should be made /rom the burners directly into thw 
chambers, which should bt^openeJ by means of a dampens; very* 
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time a burner is charged, is altogether impracticable, and is 
evidently’ not practised anywhere. The difficulty, however, is 
solved by connecting, during ‘the time the kilns arc being 
charged, the ash-pit (by means of a special Hue) with a chimney 
producing but little, draught, so that no burnengas is drawn 
downwards into the flue, and the chimney, but the burning of 
pyrites in the kiln is interrupted. 

This is done atThe Rhenania Chemical Works by means of 
the arrangements showninFigs. 98 to loi, which, at the same time, 
illustrate the form of burners (p. 428) frequently employed on 
the Continent, where the burners have a common gas-space, the 
pyrites lies on the grate in rather shallow layers (19-J in.), 
and the cinders are removed by means of bogies run under- 
ground into the ash-pit. The burner-gas in the ordinary way 
passes from the dust-chamber through pipe h into the Glover 
tower. Each time the cindj:irs are let down intathc ash-pit by 
shaking the grate-bars, damper b c d c (Fig. 100) is shut down, so 
as to close flue / against the outer air, but not hermetically, and 
damper S is opened, which leads through g into a ciiimney, 

which IS not connected with any furnace, and is only 25 or 30 

ft. high, so that it just projects over the roof of the shed. The 
small quantity of air which enters round damper b c d e b 
partly drawn into this chimney, and the pyrites consequently 
burns so slowly that no gas issues from the doors a, 

The mCn now charge the burner with fresh pyi'ites through 
these doors, shut the doors, let down damper S, and raise 
damper b c d e, whereupon the evolution of sulphur dioxide 

rec«?mmenc^s, and goes on all the more regularly the more 

e burners arc united in the same set. Experience has shown that 
no sulphur dioxide is drav’ii down into f g during the operation, 
so that none' can escape through the special chimney. 

The Stassfurter Chemisdic Fabrik, vormals Vorster & 
Gruneberg (Ger. P. 100708), employs a flue connecting two sets 
of burners, or the single burners of a set, below ^ihe level of the 
grates. In this case, wdien the charging-doors of jone burner 
are open and those of the other burner are shut, the air-openings 
below the grate being shut in both, th/e second burner will draw 
its supply of air. frpm the first, through its open doors, so that 
tiQ gas will blow out of these. 

Zs*velberg (Get P. 170602) shifts the pyrites cinders from 
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the burners into air-tight cooling-cjianrbers ; the SO^ is passed 
back to^tjie burners, and the dust is drawn V)ff by suction. 

In properly constructed pyrites- kilns, all doors for charging, 
working, shaking of the bars, and getting out the cinders either 
run hori^'ontally in /[grooves, or, still better, they, are hung on 
hinges ; and the door-frame, cast upon the front plate, is made 
to slant., forwards below, sometimes also sidewa}s, ao that the 
door lies fast upon it by its own weight. As both the door- 
frame and the edges of the door touching it are planed, the 
doors close tight without any luting, whilst those running in 
grooves must be made tight with lime-putty. 

All brickwork\?^o far as it is affected by the heat (that is, the 
walls above the grates, the arch, and the gas-flue), is lined with 
fire-bricks ; the total thickness in front is one brick, behind (or 
in case of a partition between two rows of burners) two bricks. 
The side walls dividing cj^ch two burners of a row are ij or 
2 bricks thick, but they diminish upwards to one brick?/ The 
roof need only be 4^, in. thick. The mortar is fii e-clay, as 
usual ; in the colder parts, such as vertical gas-shafts, flues, etc., 
this does not stand so well as boiled-down tar and sand. 

F. J. Falding (J//;/. lud., vii. p. 666) constructs the first 
layer behind the*'cast-iron front plates of hollow bricks, so th^t 
air-channels are formed from the grates upw’ards to the top of 
the burner. This keeps the burner-room cool and easier to 
work in‘, at the same time obtaining heat for concentration in 
acid pans on the top of the burners, or for increasing the 
efficiency of the Glover tow^er, or for supplying the burners 
theffiselves with hot air, w'hich is an advantage in some cases. 

I Zanner (Z. angeiv. CV/ojh., 1907, pp. 6 c/ .svv/.) urges the 
prevention of losses of heat in many parts of the sulphuric 
acid plant, e'Specially tfie pyrites-burners, by suitably coating 
them with bad conductors of IVeaU 

Of course the burners are well bound togetht^r, either by 
special uprights and tension-bars, or by flanges- cast to the 
front plates, provided with holes for the ci»oss-bars (Fig. 87, 
p. 4 j6). 

Opinions as to \V’hat .wbr the burners "fire to be made vary a 
good deal. Frfequ/^ntly ^smaller burners are met with, about 
4 ft. 6 in. to 5 ft. from the outside^ to the inside of the back 
Wall. ‘The reason given for this is that longer grates cannot be 
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served so well, and that in a larger burner the newly-charged 
ore forms too shallow a layer (the depth of the whole layer of 
pyrites, including the partially burnt ore, is not in question 
here). I have, however, for many years employed larger burners, 
nearly 6 ft. from the front to the back end of the grate, and 
have burnt :ny ore better than the majority of other works 
using the ^mailer burners. Certainly, the usual 7-cwi. charge 
hcl!tl to be all put in at once, whilst in the smaller burners it is 
introduced in two halves every twelve hours ; and many 
practical men assert that a twelve-hours’ is preferable to a 
twenty-four hours’ charging; but this is not borne out by 
experience. It is, however, a decided mistake to try burning 
a much larger charge on the larger grate, say 8 or 9 cwt. This 
can only be done with poor ores, such as are not in use at the 
present day, except locally ; richer ores, especiall)' those con- 
taining copper, are sure to be Ouxed by the heat getting too 
high, ^nd cause the greatest trouble. As a result of long 
experience, I am inclined to consider a grate-surface of 4 ft. 
6 in. by 5 ft. 8 in., and a depth of pyrites of 2 ft. 3 in , very 
favourable for burning 7 cwt. of 48 per cent. Sp?ynsh ore*, chang- 
ing once every twenty-four hours. 

The rate of burning just mentioned equafo 30 lb. of 48 per 
cent pyrites per superficial foot of grate in twenty-four hours. 
With poorer ore (40 to 43 per cent) I have certainly burnt in 
the same^ grate 8 cwt. ( — 35 lb. per square foot), and with 38 or 
40 per cent, ore even 9 cwt. ( = nearly 40 lb. per square foot). 
In England the maximum quantity of pyrites burnt per squaue 
foot of grate will very rarely exceed 40 Tb. of 48 per cent, 
pyrites; reliable figures from one of the largest works are 35^ 
and 39 lb. In German works, accor^bng to Hascnclcver, using 
Westphalian pyrites, the proportions were 41-6, 44*5, 57-8, 60 3, 
and 65-0 lb. (Wagner’s Jahreshcr., ’871, p. 2 1 2). Bode {ibid. 1 874, 
p. 245) quotes for Westphalian pyrites of 41 or 42 per cent. 
507 to 64-p lb, ; for Norwegian ore of the same strength, 38-3 
lb. ; for Valais or'", with 35 per cent, sulphur^ up to 92 lb. per 
square foot in twenty-four hours. Favre {Monit. Scient., ^876, 
p. 271) states as the most favourable ratio in his experience 
55*3 lb. of 4u per cent, pyrites per .square jbqi: in twenty-four 
hours. 

At the Oker works, in *1901, the roasting area of th^.thre^ 
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deep kilns (p. 422) serving for a chamber set of 5289 cb.m, 
amounted to 33-55 superficial metres, that 'is 0-00634 superficial 
metre per cubic metre of chambers. 7 'he quantity of ore roasted 
per square metre in twenty-four hours was 0-45 ton copper-ore, 
0*50 ton pyritic leac}-ore, 1-40 ton copper-matte,, i -60 ton lead- 
matte (i/i p. I L5 on the composition of these ores). 

In 1902 the Rhenania works at Stolberg considered 200 kg. 
Westphalian pyrites per superficial metre grate-surface as Ihe 
normal quantity ; with 230 kg. the degree of desulphurisation 
was somewhat less. The former is = 40 lb., the latter = 46 lb. 
per superficial foot. 

In England a number of years ago many pyrites-burners 
were made about 33 in. wide and 26 in. from front to back 
at the fire-bars, but 42 in. square at the level of the bottom of 
the charging-door, giving a slope of 6 in. back and 9 in. side- 
ways. Later on burners were made larger, say 39x42 in. at 
the bars and 48X 51 in. at the charging-doors, many gevng up 
to 54 in. wide and 60 or 66 in. from front to back at the fire- 
bars. The smallest sizes burn about 4 cwt. of Spanish ore 
= 44 lb. per .s^juare foot in twenty-four hour.s ; the largest 
sizes 7 cwt. = 31 lb. and upwards per twenty-four hour.s. The 
most usual size i is about 16 to 18 sq. ft. at the fire-bars and 
22 to 24 sq. ft. at the base of charging-doors, burning 7 cwt. 
daily = 37 to 41 lb. of ore per square foot. This is about the 
maximum for rich ores consistent with proper freedom from 
fluxing, but poor ore may be burned in larger quantity (Thorpe’s 
of Applied Chemistry, iii. p. 719). With the very well- 
burning Agnas Tehidas ore Davies {Chem. lingijieering, ii. 
p. 124) states the proper charge = 2-3 lb. per square foot per 
hour = 55 lb. per day, in <which case the cinders tested i per 
cent. S. ' , o 

Sets of burners . — It is hf-rdly necessary to say that the 
pyrites-burners are always built in sets. Usually twelve to 
twenty-four burners are .served by the same set of.. men; and 
they must be worked so that every one getg its regular turn, 
as is evident from the necessity of a regular evolution of gas. 
Frequently the bbrners j^re built underneath the acid-chambers, 
f^ot only must t)icy hi ally case be protected by a roof against 
r^iin (if not placed underneath the chambers), but they must not 
‘stand.jn a space bpen at the sides,'*since strong winds would 
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interfere with the draught, .ncl cause them either to go too fast 
or to blow out at the doors. * It is best to protect them by light 
walls or by a brattice with shutters adjustable according to the 
direction of the wind. 

As the drawings of the English burners (pp. 425 cf seq.) 
show, each burner is independent of the* other, and they do 
not communicate one with another, but only with the common 
g^-flue. Each burner, then, ought to have its own damper, 
which is not always the case. On the Continent, frequently the 
single burners are separated merely by low walls; the ore in this 
case lies only about 18 or 20 in. deep on the grates, and the 
whole set is like one large burner with a divided grate (p. 434). 
It is, of course, in this case not possible, as on the English 
system, to treat each burner individually, to give it more or 
less draught, to isolate it for repairs, etc. Nevertheless this 
system is in favour with some of the more experienced Conti- 
nentiij manufacturers, who say that 18 in. depth is quite 
sufheienf for the rich oVes, now universally employed, and that 
the coTincction of the gas-space of all burners into one whole 
is preferable to the English system, because one busier can 
aid another and the whole is visible at a glance. Evidently 
this system, of which good illustrations ate giycn in Figs. 97 to 
100, p. 435, answers its purpose as well as the English; and 
in a special case, in which I saw a set of h'nglish burners 
working alongside a set of burners of the kind just described, 
the manager informed me that he picferred the latter, because 
it was easier to regulate the •draught than with the English 
burners. * ^ , 

In Continental works possessing no Glover tower it is usual 
to concentrate the chamber-acid ^up to 144''' Tw. in leaden 
acid-pans^ whifh arc mounted on the top of the burners, and 
are heated by their waste heat. Of all plans for concentrating 
sulphuric acid this is, as we shall sec later on, the cheapest, 
only excepting the Glover tower. TTicre is no reason why such 
pans should not be placed on the English burncTs as well ; but 
even before the Glover tower made the use Sf lead pans super- 
fluous to a great extont. the above arrangement does not*seem 
to have been practised* in England, .where, however, the space 
on the furnace-arch is otherwise usefully employed for drying 
“ balls” frorp pyrites-du.st, etc. There are also, as we sgall s®e 
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in Chapter IX , sometimes reasons agij^inst placing the pans on 
the top of the burners. ^ , 

The of the j/iixtuii of sodium nitrate and sulphuric 

acid (liquid nitric acid is not used in luigland for this purpose) 
is now nearly always done in such a way that the burners are 
not disturbed by it. * Formerly the pots were frequently put on 
pillars betw'een two burners, with a common gas>sp^ce ; these 
were provided with special potting-doors in the burner-front, 
and cast-iron dishes as saucers for receiving the stuff that boiled 
over; these saucers were inclined towards the doors, so that 
the nitre-cake could not so easily run into the burners; but 
it got out of the doors, which made them look very dirty ; and 
ultimatel}' it also got into the burners themselves. None of 
the better factories have this arrangement now, but all pots 
belonging to a set of burners are placed in a separate “ nitre- 
oven,” which is nothing but aii enlargement of the gas-lluc, and 
either situated over the burners or on pillars outside thq^same. 
The latter is preferable', for also here ihere is always a metal 
saucer provided for catching the boiling-over nitre-cakc ; this 
may be cracked before it is noticed, and much nitre-cake may 
get into the burners, doing great damage. If the arrangement 
is similar to h'ig 88, j). 42; (where, by the way, the nitre-pots 
are replaced by a better contrivance to be subsequently 
described), no risk of the above-mentioned kind is run. 

Favrq (Jllonit. Scient., i8;6) reports that the works in the 
south of hVance use pots' of 2 ft. yh in. X 1 ft. 6 in. x 12 in., 
standing on a bridge bctweeii two burners ; and he also 
mentions the drawkick of boiling over into the burners. This 
w^ould show that those works, even in 1876, were in a backward 
state. 

Special nitre-ovens are quite unnecessary where the nitric 
acid is charged through tne Glqver tow'cr, as we shall see in that 
chapter. In Chapter V. we also describe speciaJ shapes of 
nitre-ovens. 

Speual Shapes of Pyrites-burners. 

A'ddie (Ik r. 180 pf 1886) de.scribes 4 peculiar pyrites-burner. 
It consists of a cupok, brought to a white heat, in which the 
P3/rites is charged ‘ together with sandstone or other slag- 
pro'ducjng material^ and is burnt by-a hot blast, the cinders 
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being reduced to a molien slag which is run off from time to 
time. Unless this, apparatus was intended for some very 
special purpose, not apparent at first sight, it must be pro- 
nounced as impracticable so far as the chemical manufacturer 
is concerned. 

The methods described in the patent oT Hargreaves, Robin- 
son, and ^largreaves (Jh P. 5681 of 1886) for treating pyrites^ 
ar^ evidently less intended for the manufacture of sulphuric* 
acid than for the recovery of arsenic, antimony, copper, silver, 
and gold. A whole set of burners is combined in such a way 
that the air or the gaseous products at first formed can be 
successively passed through them in regular rotation. The air, 
previously heated in recuperators, 'passes downwards, first 
through nearly exhausted ore, afterwards successively through 
ore containing iiu^re sulphur. 'Fhc residual ore is treated with 
acid gases, in order to bring th (5 ir.etals into a soluble state. 
For details we must refer to the patent specification, 

Exphfsive pyrites (^/ pp. 80 and 106) treated by the United 
Alkali Uo. (H. P. 7915 of 1905) by previously heating for twelve 
hours on hearths, placed below the gas-flue near to the*pyrites- 
burners, on a higher level, so that the pre-heated ore which 
has now lost it.s explosive property can be shifted downwards 
jiito the burners. 

Burners for Roasting CAfper-ma(le.—\\d.tgQ. {Berq. u. lintten, 
Zeit., 1893, p. 383) describes the process introduced by him at 
Briton ferry, near Swansea. The copjier-matte produced there 
could not be roasted in Mansfeitl kilns, nor in ordinary pyrites- 
burners. The desiixd result was cbtaincch by increasing* the 
heat, in the first instance by a siiitable treatment of the matte,, 
and in addition to this by improving the construction of the 
burners. The .tnatte was rendered porous by tapping it on to 
a sand-bed slightly moistened agd chested over with fine coal. 
It was then crushed by a Blake’s stone-breaker, in which one 
of the corrugated faces had been substituted for a smooth one, 
so that flat more Jightly lying pieces were obtained, which were 
separated from the ^malls by a riddle witfi meshes of J- in. 
width. The burners -were of the ordinary shape of English 
pyrites-burners,describe(i above, but slightly.different dimen- 
sions Grate-surface 4 ft. 3 in. by 4 ft. 4 in. ; area at the level 
of the upper, working-surface 5 ft by 4 ft. y in.; hcigl;t. front 
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grate-bars to the upper working-surface 2 ft, to spring of the 
arch 3 ft 4 in., to the crown of the arch 3 ft. 8 in. ; smoke-flue 
at the lowest point 6 in., at the highest i ft 4 in. ; total outside 
height 7 ft. 10 in. The heating-up takes place from the top, 
exactly as described in the text ; the burners are ready for 
work in two or..three days. Each burner then receives a charge 
of from .6 to 7^ cwt of crude matte every twelve hopr.s. After 
three hours everything becomes red-hot, after six hours a bright 
cherry-red heat is attained. Now the interior of the burner 
is worked up through the middle door by means of a steel 
poker, in. thick, pointed at one end ; any lumps formed are 
broken up ; and this working over is continued through the 
upper door. After another two or four hours the heat is at its 
maximum ; the upper working-door is now mostly at a dark-red 
heat. Then the heat decreases. Eleven and a half hours after 
charging the grate-bars are' turned and shaken, in order to 
remove the roasted matte, and after twelve hours a new .charge 
is made. There is no picking out and recharging of imperfectly 
roasted matte, since everything is well finished. The draught 
must be well regulated ; there should be a slight plus-pressure 
within the burner. In this way mattes containing from 20 to 
47 per cent, copper are treated. The poorer matte yields rather 
hotter and better gas and more sulphuric acid than the richer. 
With 20 per cent, matte the roasted product contains 9 per 
cent, sulphur, with rich matte it contains 1 1 per cent, sulphur ; 
both are at once ready f6r the concentrating work. ' From 40 
per cent, matte about 47 or 48 j^er cent, of the weight of roasted 
matte is obtained 'in the shape of chamber-acid of no' Tw., 
with consumption of o-8 to i-o nitre per cent, of chamber-acid. 
The gases arc hot enough, to thoroughly decompose the mixture 
of nitre and sulphuric acid in the nitre-oven and to denitrate 
the acid in the Glover tower* th.e acid flows from this with a 
temperature of 140*' to 155 ’ C. 

Workhig of the Pyiites-burners for Lumps. 

In order to start a Inumer it is first, if newly built, dried by 
a slow fire in the" u£ual way, and then filled with burnt ore to 
within 3 in. belpw the working-door. If no burnt ore can be 
procured, ordinary road-metal, etc., may be taken, broken 
‘sufficifntly to pass between the gyrate-bars when they are 
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turned. The draught-l^de of each burner is closed by a 
damper, and the v\forking-aoor is left open. Then^ prdinary 
fuel (wood or rough coals) is neaped on the ore and lighted. 
After twelve or twenty-four hours the burner and the upper- 
most layer of the ore will have reached ^ dull red heat ; the 
rougher parts of the fuel still present arc then .drawn out and 
an ordinal^ charge of green pyrites is put on. By th^i heat of 
tht burner walls, that of the ore below, and the fuel still present, 
the fresh ore will soon be lighted ; when it is fully burning, 
the working-door is closed, the damper closing the access to the 
gas-flue is opened, and the gas allowed to go to the acid- 
chambers. Care must be taken in lighting up not to go too far, 
which would damage the burners. 

Thus the process is started ; and it is now continued 
regularly and uninterruptedly till it has to be stopped for 
external reasons. Repairs are ver\^^ rarely necessary in pyrites- 
kilns;* but those of other parts of the acid-making apparatus 
may compel their stoppage. At some English works the 
dampers are put in every Saturday at midnight, and are opened 
only on Sunday at midnight ; in the meantime; all other open- 
ings are well closed ; and the burner thus keeps its heat so well 
ijiat the new charges at once take fire when bnought in. If any 
temporary interruption of work does not last beyond four or six 
days, usually the burners can be kept hot enough in this way 
to be stcyted without any fresh lighting-up by means (if fuel. 

The regular burning-process has a double object, from which 
follow all the precauLions to be observed. Tn the fi^rst place, tkie 
sulphur contained in the ore is to be burnt as far as posjfible ; 
and, secondly, a just sufficient (|uant,ity of air is to be employed^ 
no more and no Ic.ss'than is requircid for the chamber-proces.s. 
This means, be«ides the air jieccssary for burning*the sulphur to 
sulphur dioxide, introducing as wuch more air?is is required for 
oxidising the latter to sulphuric acid, and, moreover, a certain 
excess o^ .aii found necessary in practical work. Anyhow, 
therefore, the air.will be more than just suf;fcient for burning 
all the sulphur contained in the pyrites; and the second 
condition seems thus’ to imply the fir,st. But this can be said 
only for brimstone an^ for pure j)J/rites .not containing any 
zinc-blende or galena, ; for only the former can > be 
desulphurisod completely by their own hbat of conrjiustiofl. 
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The sulphates of iron, which are always partly formed as 
intermediate products, are decomposed again at a compara- 
tively low temperature into Fe^O^, O, and SO^, or into Fe^O., 
and SO3, for which the heat of the burners is quite sufficient. 
This rea(;:tion does not go on quite so easily in tjtie case of the 
sulphides of copper ; but the temperature of decomposition of 
CuSO^ is also within a red heat. Moreover the copper-extrac- 
tion works do not want all the sulphur to be burnt, but allo^<’ a 
residue of from four to at most six per cent, sulphur in the 
cinders. If, however, the ores contain blende or galena, which 
on burning arc transformed into zinc and lead sulphates, the 
burner cannot possibly effect a total dcsulphurisation ; for 
these sulphates are only decompo.sed at a strong white heat, 
which is not allowable in a pyrites-burner, and they must thus 
remain as such in the cinders. Furthermore, if the pyrites 
contains calcium sulphate or carbonate, a corrc.sponding 
quantity of CaSOj will remain in the residue. Any barium 
sulphate present would' not be taken notice of in the testing of 
the pyrites or the cinders, being classed among the “ insbluble.” 

In the case qf the usual descriptions of pyrites, not contain- 
ing any considerable quantity of zinc or lead, the burning of ore 
in lumps will re(F.ice the sulphur in the cinders with good work 
to 3 or 4 per cent. Less than 3 per cent, of sulphur rarely 
occurs on an average of the whole year ; but with very good 
ores it may go down to 2?> per cent. At the Rhenania works, 
at Stolberg, even pyrites with 6 or 7 per cent. Zn is burnt down 
t<<i 2 or 3 per cent'. S, exceptionally 4 per cent, (information 
received in 1902). 'Most frequently the limit stated above for 
good work is exceeded ; some works leave 6 or 8 per cent, of 
sulphur, and even more, in ,^^heir cinders, whilst their neighbours 
only leave 4 or 5 per cent, in the same ore. The fault of this 
may be due either to the description of burner employed or to 
the style of work. If, by the construction of the burner, the 
pyrites forms too shallow a layer, and this is let down too soon 
on shaking the bars, it will easily come out badly burnt. But 
even if the burner is correctly built, much still depends upon 
the skill and care of 4 ;he burner-men. t * 

Excellent re.sults ^re obtairied with some of the very rich 
descriptions of Spanish non-cupreqns pyrites which have for 
^ome t<me past cdlne into the market (p. 81). These pyrites 
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can be burnt down to o } pej cent, of sulphur in the cinders, so 
that the latter can be sent straight to the blast-furnacc^s^ But if 
this degree of purity is to be o&ained, the place in front of the 
kilns, where the burnt ore is drawn out, must be kept perfectly 
clean, so that^no green ore can get mix^d with the. cinders; 
and any portions of these which have been ^pilt from the 
'discharging bogies on to the ground must not be shovelled 
ba*bk into them, as they will have some admixture of dust from 
green ore, but they must be put back into the kilns. 

How much depends upon employing the ore in neither too 
large jior too small pieces, and upon keeping the pieces of as 
uniform a size as possible, has been mentioned on p. 416. Only 
then will it be possible to regulate both the depth of layer and 
the draught in a satisfactory way. 

Whether pyrites is properly burnt or not can be recognised 
to a great extent by the e\’e. Ijy the burning-process the 
piecestswcll out and burst; they become light and porous, and 
assume the red colour of ferric oxide, in the case of cupreous 
pyrites* a more blackish-red colour, 'fhe burnt ore ought 
therefore to consist of light porous pieces of thg proper colour, 
apart from the powder always present in large quantity, which 
ig generally sufficiently burnt off. Already, on taking up the 
larger pieces, their weight will allow a rough judgment of the 
state of the burning ; and this can be more distinctly recognised 
by breaking the pieces and observing whether they contain a 
raw core in t}>e centre. Also the presence of many slags (scars) 
on the cinder-heap is a proof of bad burning*. ^ • 

Important as these empirical signs are, no well-managed 
factory will be satisfied with them, l^ut will from time to time,, 
daily or at least twide a week, have the cinders tested, after 
having drawn a* large sample and redgeed it properly. At all 
events the above-mentioned icirifirical signs have hardly any 
value for small ore. 

The ch^jniml testing of pyrites cinders [burnt ore) can take 
place by exactly ttlie same methods as described in Chapter 
II. for the analysis of pyrites itself. It is there shown^that 
in the case of burnt^'ore more expeBitiofts ‘methods may be 
used, and that among fliesc that of* Watv)n«Lunge (igniting 
with sodium bicarbonate a«d titrating the undestroyed sodium 
carbonate) soems to be thJ most accurate (p.*i04). •• 
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The sulphur contained in the burnt ore is no longer in the 
shape of FeS.,, apart from any quite raw C( 5 res in large pieces. 
But even fine or quite porous cinders, burnt as well as possible, 
also those from pure pyrites free from lead, zinc, and lime, 
always contain sulphpr ; and as this cannot be present in the 
shape of FeS^.+thc question can only be whether the cinders 
^ contain FeS or sulphates of iron (most probably bnsic ferric 
sulphates), or both. According to Scheurer-Kestner a/id 
Rosenstiehl {Bull. Soc. Chiui., 1868, ix. p. 43), the cinders 
contain essentially FeS ; they give two analyses — (i.) of 
properly burnt ore ; (ii.) ol an operation carried on too hot, 
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these analyses 

it would 

appear that there 
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ferric sulphate whatever in the residues, which is, however, very 
improbable, as sulphate can be always found by washing with 
watu'r {cf, l^ode, D/ugl. polj'Y. J., ccxviii. p. 327, and a number of 
analyses quoted in the chapter treating of the recovery of 
copper from the cinders). « 

According’ to Troost, the first , reaction iiinthe burners is 
3FeS.^== 2S + Fc.jSj. Regilaulb hoFls that the sulphide formed 
has the formula Fcr^S^^. Lemoinc {Fischer's Jahtesber., 1899, 
p. 355), from observations made in a Maletra sbglf-burner (see 
infra), believes that in the upper layers there i.s. always a 
distillation of sulphur, which afterwards burns with a blue 
flame. Lower down thi.‘f is no longer, the case, either because 
here most of the,^pyjifes fe already redheed to FeS, or because 

‘ * The calculation does not agree het'e ; 62-4 Fe^O., would contain 
43'68 Fp. ‘ ’ 
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the temperature is too low and the supply of oxygen too great* 
for the formation o? free S. Ferric oxide appears onjy after 
roasting for two and a half Hours. The action on pyrites 
seems to commence from the outside, where there is combustion 
into Fe20;i, aiv] the action of the heat thereby produced on the 
inner part brings about a decomposition into FeS and S. The 
S distils aiYl burns outside, the FeS is oxidised by th« Fe.,Op ^ 
wlflch is again reformed by the outer air. , 


Richters /., exeix. p. 292) quotes the following 

analysis of burnt ore from the Silesia works at Saarau ; — 

Water . 

4*35 

It DO 

43-36 

Manganese 

o-i6 

Silica 

13-92 

Alumina . 

4-84 

Lime 

0-02 

Zinc oxide 

8-83 

Sulphur trioxidc* . 

4-35 

Sul[)liur . 

»-53 

Oxygen and loss . 

18-64 

Nickel and arsenic 

tpces 


100-00 

» 

Phipson gives the following 

analysis of residue from Irish 

pyrites {Chon. vol, xviii. p. 

29) 

* 

Zinc oxide 

5-50 

Cupric oxide 

2-86 

Manganese* oxide 

* . .» 1-60 

Nickel and cobalt oxide . 

0- 1 3 

Cadmium oxjde . 

* . . O-OI 

Lead oxide 

1-67 

Antimony oxide . , 

0^4 

Ferrous oxide . « . 

I-I7 

* Alumina . 

3-25 

Sulphur . 

2 -60 

•T hallium . 

traces 

Tndium* . 

. » traces 

Gangue . 

. 1 5-00 

Ferric oxide * 

65-99 

Lime 


Magnesia. 

0-08 

* lOOOO 
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THE Production of sulphur dioxide 


All that has been said (cf. p. 4^5) *cespecting the maximum 
of sulphur in the cinders to be aimed at) only refers to the 
burning of pyrites proper — that is to say, of ores containing 
essentially FeS,, and emplo\’ed exclusively as a raw material 
for vitriol-making, i;i which case the cinders 41*0 as good as 
worthless. Just in the' same line are those cupreous pf rites 
^ (with Iei:s than 4 per cent, of copper) whose coppoir can only 
be extracted by the wet process ; for these the above-mentiohed 
rules for the sulphur in the cinders are equally valid. But the 
case is quite different with a number of ores where the residue 
from the burning is regarded as b}' far the most important 
product, and where the gas is only a byq)rocluct, often only 
converted into sulphuric acid in order to get rid of it. To this 
category belong blende, copper-p)Tites, coarse metal, etc. Here 
the burning-down to the above-mentioned minimum of sulphur 
is partly not possible, partly not even desirable (as for copper- 
pyrites); and there exist for each case definite rules, ^ which, 
however, do not belong to the domain of acid-making, but to 
that of metallurgy. Even where a larger j)ercentagc of sulphur 
is required for^ further metallurgical ojxnations, it is more 
rational, so far as concerns the acid-maker, in order to save 
labour, burner-space, etc., to burn the material as well as 
possible, and to supply the ncces.sary sulphur afterwards by 
adding a little green ore; thus, for instance, the copper- 
extraction works proceed when they receive the cinders too 
far desulphurised. The case of zinc-blende is a special one 
and will be dealt with later on. 

We now’ pass on to the second fundamental condition of 
proper work in the pyrites-burners, viz., t/iut ucitJier too little nor 
too much air he employed. At this stage we leave out of con- 
sideration the absolute quantity of air. required-, and only treat 
of the practical rules and of 'iFc ••appearances observed in the 
burners themselves. I f too little air is admitted, wh^ther’because 
too few holes in the bottom door have been opened, or the 
damper in tlie draught-hole has not been enough drawn, or 
because the pipes are stopped up with dust, or the draught in 
the whole chamber'- system is insufficielit from one cause or 
another, the same thing will happen as in the case of sulphur- 
bueners when they get too hot : sulphur will sublime as such, and 
will be deposited in the flues, the dust-chambers, the Glover 
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tower, or the chambers themselves. It is, however, a more fre- 
quent and serious consequence that, in the case of insufficient 
draught, the often-mentioned s/aos or sairs are formed. These, 
as Scheurer-Kestner and Rosenstiehl have shown (/oc\ a/.), con- 
sist mostly of I'vn l^'eS,whicli4s necessarily formed 

when FeSo is heated, with exclusion or wisufficient supply of air, 
together wiih free sulphur. It is easily fusible, and fluxe's in the 
burners to more or less large cakes or scars, upon which the air 
has practically no action. The FeS fluxes all the more easily, 
as in the case of insufficient supply of air, where no cooling by 
the excess of air takes place, more heat is developed in certain 
places than when the supply of air is abundant. The scar.s 
mostly enclose some green pyrites, and in this way cause a 
further loss of sulphur. A much greater loss is occasioned by 
their sto[)ping the passage of air, so that the ore above and 
below a scar is very incompletely burnt. The heat is locally 



increased and driven further down than it ought to be ; the 
zone of combustion is removed further downwards ; and on 
letting doyn the ore the pyrites partly^comes out incorrlpletely 
burnt. If seal's have formed in the burner, they naturally 
descend as the cinders are let down, and the)^ would, ultimately* 
lie immediately on the grates and entirely stop them up. This, 
however, must be prevented by all m'i'ans. A careful workman ^ 
always breaks up the surface of the oW ore before putting in a 
fresh charge ; a?id thus he finds out \vhcther aii)^ scars have 
formed, wlych mostly takes ji^ace' near the surface : they can 
then be easily brought to the surface J)y means of hooks and 
pulled out at? the door. But if they had been overlooked at 
first and have got lower down, in doing which^ they constantly 
increase in size, their removal is more difficult. Then a v^ery 
large and heavy poker pf the best tough irdn (these arc made 
up to 12 ft. long and 2 m. thick), bent in the>way shown in 
Fig. 102, is introduced into*»the burner through the chargings ^ 
hole, and the* men work ^it till they have got the pQfiit a 
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underneath the scar. Several mep, working at the end b, then 
try to up the scar, in spite^ of the resistance of the super- 
jacent mass of pyrites. This labour is very disagreeable, 
exhausting, and difficult. The middle doors, between the 
charging-door and the grate, found in all pyrites-burners, are 
only used in ektreme cases. 

In the low burners mentioned on pp. 428 and* 434, where 
the ore lies only at a depth of 20 in., scarring is next to 
unknown, at least if the ore is very carefully sized, so that all 
passing through a ^,-in. riddle is kept out. This agrees with 
the facts which will now be explained. 

Apart from other causes, the supply of air in a burner may 
be insufficient because the ore lies too deep. As the depth of 
the ore depends upon the vertical distance between the grate 
and the working-door, it follows that for ores behaving very 
differently in this respect differently built burners must be irsed. 
Thus the deep burners built for Irish pyrites had at once to 
be given up when Spanish pyrites began to be used. With 
the same height of pyrites which was just right for the 
poor ore, in order to keep the heat better together, the rich 
cupreous ore, in itself more fusible, became far too hot, and, 
moreover, the air could not pass through quickly enough -to 
make a complete burning of the ore possible at every point; 
from both causes combined followed this effect (easily compre- 
hensible after what has just been said), that the scarri, ng became 
excessive. It is always much more feasible to burn poor ore in 
ti shallow than rich ore in a deep burner. 

'Insufficiency of draught, if very considerable, will be easily 
recognised by the gas blowing out of all the joints of the 
burners, and especially ^coming out in force- whenever the 
working-doors or the bottom door are opened. On the other 
hand, the draught should ncO be .so strong that too much air 
will get into the chambers ; the gas ought to be kept as rich as 
possible, as will be shown hereafter. It may be •assumed that 
the draught is just right, if, on opening tho small slide in the 
woi;king-door, neither gas nor flame issues from it, nor, on 
the other hand,'thfe flames inside the burner perceptibly tend 
towards the dr&u^it-hofe. They ought to rise up perpendicu- 
farly and quite steadily ; and on opening the door they may 
even’^^end slightly towards it. As, however, the exact regula- 
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tion of the draught can only be effected by regulating the holes" 
in the bottom door,®and as on each opening of the doors above 
or below the grate much more air must get in than is necessary, 
of course the periods during which the doors are opened should 
be restricted as much as possible, and the, charging, shaking of 
the grates, and discharging managed as quickly ns possible. It 
Is very adWsable to close the holes in the bottom door cc?mpletely , 
wftile the top door is open, or to pmcecd in the way described 
on pp. 433 ct scq. If the draught is not very copious, whenever 
the door is opened, there will be no room for so much air 
rushing in, in conseciuencc of which a portion of the gas will 
rush out and get into the burner-house ; this is both a loss and 
a nuisance to the workmen, and, in case of greater (|uantily, 
also to the neighbours. 

For regulating the supply of air several plans are })ossible. 
The regulation takes place either before the giate, by the holes 
in the# bottom door, or behind the grate, b)^ means of the 
damper m the draught-hole or that in the large chimney behind 
the chambers, or else by fan-blasts {cf. Chapter V.). Kc-;ulation 
behind the burners is only available where all the burners have 
a common gas-space;’ otherwise tlie draught through the 
chimney or fan must be equal to the miiximum amount 
required for all the burners, and must be changed according 
to the atmospheric conditions, each burner being regulatal 
separatel^^ This would be done best and most safel^' by the 
dampers in ^he draught-holes^ connecting each burnei with 
the gas-flue ; but these *are rarely used for^this purpose; thtfy 
would have to be *madc very tight-fittingq and then wbuld 
easily get fast by llue-dust. Ihcreforc here also the draught is* 
made sufficient for all cventualitiofi. Ihe real regulation of 
the air, at leask generally ui Ivnglaml, takes pktbe by means 
of the holes in the ash-pit t^Oi^of which a sufficient number 
are closed by plugs or otherwise. ^cheurcr-Kestner went so 
far as to,reg»ilate the supply of air by means ,of a Combes’ 
anemometer ; but this can only have been ^done for isolated 
experiments, since such a delicate instrument can hardl)^have 
been kept fit for usc/fo<’ any length wf tirrte in an atmosphere 
thus exposed to acid vapours and to dust. »It*is therefore left 
to the burner-men to ope* or close the holes in the door* ?i.s 
reauired. At the Rhena*nia works (1902) they regulate the 
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supply of air, apart from the exit damper, merely by a slide 
damper^ ijhutting off the flue below the {grates in which the 
cinder-bogies are placed. 

The supply of air is usually regulated by the following 
practical, rules : — At^thc beginning (that is, irnipediatcly after 
making a fresh«charge) tlie burner does not require very much 
. air, till the ore has caught fire, which will take half rin hour or 
an hour. Then more air must be admitted, always with tne 
above-mentioned restriction : that the flames rise perpendicu- 
larly, and tend slightly towards the slide when this is opened. 
When, however, the ]>rincipal portion of the sulphur is burnt 
and the flames become scarce, the air is altogether shut off, and 
further action is left to the heat of the burner. About two 
hours before it is time for recharging, the working-door is 
opened and the ore is well raked and turned over by means of 
a hook to a depth of 3 or 4 pi., and any small scars are removed. 
If now blue flames appear to any extent, this proves the livjrning 
not to have been sufficient, and a little air must be admitted. 
When the whole time is up, be it a twelve hours’ or a twenty- 
four hours’ turiif the air is entirely shut off at the bottom, the 
small doors covering the grate-bars are opened, and the latter 
arc turned two or three times, leaving each alternate one ou,t 
During this the workman must look through the working-door, 
to see whether the layer of ore is let down evenly all over; he 
can easity manage, determined by the eye, not to let the ore 
down too much or too little. Then, as quickly a't possible, the 
new charge of ore in pieces (usually with a little dust), which 
must have been lying ready in front of the burner, is put in, and 
the process begins again. Tt is evident that there must be a 
regular rotation, .so that fresh burner comes in turn every 
hour or so ; this is both indispensable for a regular evolution of 
gas, and convenient for di. 4 tribi.'ting the labour over the day. 

The burner-men ought to shake the grates quite evenly for 
the purpose of discharging, so that the ore does i^)t gDme down 
more quickly in one place than in another, and ta take care 
that only cold, thoroughly exhausted cinders, but no red-hot 
ore, comes down.‘ Theypught then to work up the ore on the 
top through the doqrway^with their pokers, and rake the surface 
so as to make it even again. Then,, they must charge the new 
kre eqi^lly all oveV, starting about 2 in. towards the door from 



453 


WORKING THE PyRlT^S-RURNERS 

the back and the sidc^. Two men cin attend to a set ot' 
eighteen or twent}» burner.^, consuming from 6 to cwt. of 
pyrites each every twenty-fo hours, including the wheeling 
away of the cinders and the potting. 

The interior of a burner, after the throwing-in of a fresh 
charge, is, of course, at first quite black. Gradyally small blue 
flames apppar, which become larger and more lively a^id cover ^ 
th% whole ina.ss. After a few hours they beqome scarcer again ; 
but the mass in the meantime has become red-hot. Later on it 
cools again ; and towards the end of the period there i-. no 
glowing visible at the surface; but as soon as the mass is 
stirred up the glowing appears again. 

The men like to employ a practicAl test, to convince them- 
selves that the burner is not too hot for recharging, in the shape 
of strokes made with brimstone on the burner-door: so long as 
these take fire at once, the burner is still too hot ; only when 
they rgmain is it cold enough for charging. Frequently it is 
necessary to wait a short time, even Tor a few hours, after 
shaking the grate-bars and letting down the burnt ore, in order 
that the burner may cool down a little before recharging it ; 
this has the advantage that the top layer, by turning it over, 
is caused to burn its sulphur more thoroughly than it can be 
burnt after cold pyrites has been thrown in. 

Generally it takes some time before the men get used to a 
new kind of burner or of pyrites. If even skilled men a<e taken 
from other peaces, they require special supervision, and still 
more if a new kind <>f pyrites hcTs to be tried: Ifat^all po.ssiblc, 
different kinds of ore ought not to 'be tried mixed* up, but*one 
kind adhered to for some time, because only in this way do the, 
men get used to a thoroughly pro[)<;r treatment of the burner. 
Each kind of pyrites requires a little different treatment as to 
supply of air, breaking up, etq. ^ • 

An extremely great help in regulating the burning-process 
is the analysis ^ the gas ^ which, however, is nearly always made 
for a whole’.set of J)urners together in their common flue. VVe 
shall enter into the details of this later on. ^ 

If a pyrites-burnei* is working prooerly, it will, if touched 
outside, be so hot in it‘s ii{)pcr part (say 6 iii. bclpw the working- 
door) that the hand cannog be borne upon it; farther dowi^it 
must be cooler; and imrflcdiately above th<i grates it^ought* 
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to be cold, or at mo^t hand-warm, is one of the most 

important practical signs of the prof er working of the burner. !f 
a burner' is too hot below, this may be due to insufficient 
draught, or (which in the end comes to the same thing) there 
has either been too much pyrites charged, or there is too much 
dust in the bugicr, whicji has stopped up the interstices. Too 
much dqst may come from bad riddling, from too nr^ich having 
been added on puj^posc, from the falling of the “balls” inskle 
the burners, or from the decrepitation of “explosive” ores 
{cf. pp. 8o and 106). 

In any case, the first thing to be done, apart from removing 
the cause of the evil, is to again cool the excessively hot burner. 
Above all, more air must be admitted ; and, in order to drive 
up the heat more certainly, the new charge must be kept back 
a little, and no fresh ore put in the middle, but only along the 
sides and the back of the burner. It always takes one or two 
days, sometimes longer, before a burner has recovg^ed its 
normal temperature. ^ In specially obstinate case.s there is 
nothing for it but making very small charges for a day or two, 
till matters have come right again. Some prefer taking out 
the ignited top layer, allowing it to cool a little, and putting 
it back into the, burner, which in the meantime has received 
more draught, owing to the lower depth of ore, and thus has 
become cooled. 

If a •‘kiln is allowed to go too hot for any length of time, 
whatever may be the cAuse (want of air, too Mrge charges, 
shopping up by dust, bad breaking up), the consequence will 
always be the saihe, viz., increa.sed scarring, with all its un- 
, pleasant accompaniments. I have had to deal with cases where 
the scars became so abui\dant that the burner had to be put 
out, the grates had to be drawn, the whole of ,the stone taken 
out, and the burner freshly filled up. 

' Of course it also sometimes happens that a burner goes too 
cold and the fresh charges take fire too slowlyn This may be 
caused either by insufficient draught or by <too small charges, 
and can be easily remedied in cither case. If it has, however, 
got so far that the new pyrites will not take fire at all, nothing 
remains but to, pqtMn very hot ore' from some of the other 
working-burners; in this way the , matter may always be put 
‘right*^ith some patience, unless lafge scars arctlying on the 
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grates, or there are other serious faults, inhich must be removed 
before the burner^ can* be| expected to work properly. A 
frequently employed, but objectionable, remedy against cold 
burners is to put live coals on the pyrites. The carbon dioxide 
produced thereby is a great enemy to the chamber process, 
probably so much by diluting the ^as ((or its* injurious 
action is far too great to be attributed to th^t alone), as by 
rfynaining in the lower part of the chambers and p!-eventing* 
contact between the chamber-gas and the* bottom acid, till it 
is removed by diffusion. This point, however, is not yet 
cleared up. 

A pyrites-burner may also go too cold if there is /oo much 
dmiight--\{, therefore, besides the air required for its intense 
working there is an excess, which only acts as inert cooling gas. 
This is a very great fault ; for in this case the consumption of 
nitre is increased and the yield, of sulphuric acid very much 
diminished. T.ong before the buisiers cool from this cause, an 
excess of air ma)’ become injurious in ♦Ji.s way; and by observ- 
ing the dames in the burners (much better, however, by the 
analysis of the gas), it must be ascertained whether the proper 
proportion of air is present or not. * 

Balard reports {Rapports dii Jury I utrrfhitiouaP vol. 

Vii. p. 29) that in the first trials of Terrc’t and Olivier for 
employing pyrites in manufacturing sulphuric acid, they at last 
succeeded in properly conducting the combustion, but obtained 
a very Imall yield of acid. They Ascribed this to insufficient 
draught, ancT ap[)lied a fan-bla'§t ; but the y[e1d instantly became 
minimal. Now th'# other extreme^was trj^d th^ air-channels 
were sto[!)ped up with boards covered with shee[)-skins and 
fastened by stays.. At once the* chamber process becanfe 
regular, and the key to emplo)’ing pyrites in the manufacture 
of sulphuric acid was found. ITobajjlythe previous endeavours 
of ClcnJUnt-Desormes in tfiis Respect were frustrated by his 
allowing too much air to enter. • 

Objection has been made by some to the •employment of 
damp pyrites (kerl-Stohmann’s iJicmie^ P‘ ^97)i 

because in this case;, on burning, more sulphates arc fcrmed, 
which give off sulphur^ trioxide ; tl\1s W^kes uj) moisture, and 
condenses as sulphuric acid before getting i*n to the chainbers, 
destroying the flues aneVso forth. Kven \Yith dry orc^m aqip 
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weather similar phenamena are said to be observed, and a 
smaller yield is alleged to be the consequence of the moisture 
in the air. On my own part, J have never noticed such an 
effect of damp weather, nor have I been able to learn anything 
about it elsewhere, in spite of numerous inquiries. It is very 
desirable' that this point should be specially ex^amined. The 
formation of sulphur trioxidc, as well as the occurrence of 
'liquid sulphuric acid, in the connecting-tubes has certainly bq^n 
established ; but it 'has not yet been proved that the moisture 
of the air acts so as to increase that formation, and the con- 
trary is more than likely to promote the formation of sulphur 
trioxide. 

l‘eople who have no practical acquaintance with the matter, 
looking at these numerous sources of mishaps, may be inclined 
to think that the working of a set of pyrites-burners is a most 
difficult task. Jlut it is far from that. If once the burners are 
in order, they rem lin very lo'ng so if the burner-men know and 
perform their fluty to ?ny considerable extent, and i^ proper 
supervision is exercised over them; the pyrites-burners then 
give even less trouble than sulphur-burners. Certainly, when 
they do get wrong, it takes energetic and experienced manage- 
ment to put them right again. 

It will now hardly be necessary to explain in detail why 
there are only narrow limits for each given burner and style 
of charging, within which the quantity of pyrites charged may 
vary (yf. pp. 437 and 438). .. If too much is charged, the burner 
scars ; if too little i.'^ taken, it g'fts cold. When, therefore, for 
any reason the daily^ quantify of pyrites has to be cut flown, it 
is necessary to put out a corresponding number of kilns and to 
fiilly work the remainder. Only in the casp of brief temporary 
interruptions is it possible to charge rather less than usual for 
a few days ; but I would rpcommend even in this case rather 
to allow the bulk of the burners to 'go on as usual, and to keep 
the ncce.ssary number hot without fresh charges by closing all 
openings. Then these kilns will be much more easily put in 
order by the assistance of the other burners in full work than 
if they had all coolpd down. 

Employment of Brinistohe together witp Pyrites. — Westergren 
(Swed. l\ 31999; Ehem. Zeit. Rep., 1912, p. 170) prepares SO2 
for The manufacture .of sulphide pulp*i)y roasting pyrites with 
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an excess of air, and passing the gases {xodiiccd tlirough flues 
in which brimstone, is bunii'd, if necessary with admission of 
more air. > 

3. BURiMNG Pyriti-s-smalls. 

Wc have sben above (p. 415) that tht fine powder which 
passes, say, through a ^-in. or at most a ]-in. riddle must be 
kc^jt out of the ore going into the ordinary pyrites-kilns. The ' 
“smalls,” “fines,” or “dust” produced in this way, whether it 
be on breaking the ore at the works or already at the mine, 
must be dealt with separately. 

This can be done in very different ways, according to 
circumstances. Where pyrites-smalls »are not bought as such^ 
the question is only about the dust arriving along with the 
bulk of the ore, and .dso that made in breaking. Much more 
dust is produced when breaking' by machine than by hand 
— viz., up to 20 per ct:nt. in the dise of middling hard ores, 
and even-»more in that of srift ore.s. h'c/rmerly, before rational 
and really satisfactory contrivances for the burning of smalls 
were known, some large factories, which had aheady r/iounted 
stone-breaking machines, went back to hand-br*eaking, in s[fite 
of its costing three to six times as much, mtTely in order to 
-it’oid the excess of dust. 'Phis was especially the case in 
factories using soft ores, such as the Tharsis ore; with 
Norwegian ores the advantage was always on the sidf of the 
mechanic^l breaking, because these aA* much harder and make- 
less dust. If the quantity of (kist going through the smallej* 
riddle docs not exceed ]\ cut. to llu;toii, it#can be* got ric^ of, 
according to my own ex[)eriencc, u ithout any special contrivance, 
in the following wa)’ ; — 'f he dust is sifted off as usual, and a 
certain quantity of it is laid down for each burner ,;dongside the 
pieces. If, for instance, the uhide chai'gc is 7 cwt., 6.1 cwt. of 
pieces are list'd and I cwt. o^ dust; if im^re dust than this is 
used, the burner easily gets out of ord(?r. Pdrst the coarse ore 
is charged hs* usual ; and then the man throws the* dust with his 
spade along the sh/rs and the /mc/c of the brTrner, leaving the 
whole central part free.. Anyhow, the ore ought to be levtlled 
with a hook, after thro^vi:^ in the charge, such a way as to 
make it lie higher along the sides and back than in the centre 
of the burner. The reasoi^ is this : the air eiUering Irom pelow. 
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meets with much lessftresistance at the comparatively smooth 
walls than in the centre of the layoff of ore, and it will preferably 
rise aloh^ the former ; the centre thus will get less air than the 
parts next to the walls. If, however, the ore is lying near the 
walls at a higher level, and especially if the passage of air is 
obstructed by the dfist lying at those places, tlt^e draught will 
be more nearly equalised, and the burning will take place evenly 
" all over the area of the burner. Of course it will not do^ to 
proceed too far in this way ; nor can it be expected that 
the result is as good as when lumps and smalls are each 
treated in the best way suited for them. 

I)us{ made into Balls, 

The arrangement just described does not answer if more 
than I \ cwt. of smalls to the ton of pyrites has to be dealt with ; 
and special arrangements must then be resorted to. Probably 
the oldest method, now alnfost obsolete, is the following: — The 
small ore is, without 'further grinding, mixed with, sufficient 
clay to make it plastic, made into a puddle with water, formed 
into dalls^ and dried on a steam-boiler or pyrites-burner. Rarely 
less than ten per cent, of clay will be required for this, often 
more, up to 25 per cent. The balls are then charged together 
with lumps into the ordinary burners, but never too many 'at 
a time (at most one-sixth part of the whole charge), because 
they fall to powder in the burner after a time, and if used in a 
greater proportion would ‘»top the draught. Only herc'and there 
is such rich clay found that the balls stand pretty well in the 
burners and can be well burnt off. The workmen dislike them 
very much, because they disturb the working of the burners, 
" even when the abovc-ment‘ioned restriction of their quantity is 
observed ; if a burner is not quite warm, they must at once be 
left off. Some factories, in order to get rid of them without dis- 
turbing the burners, burn them by themselves, mixed 'with “coal 
brasses” (p. 65)— that is,Hhe pyrites picked out^ of coals, which 
always retains some of the latter, and therefore burns more 
vividly and gives”out more heat than pure pyrites ; but then it 
sends the injurious carbon dioxide to the chambers. Usually 
not much is gained by n{aking the baUs v'^ith clay, since they so 
cjuickly fall to pieces in the burner ; and nearly as much can be 
done by throwing<.the dust at once ii?to the burner and saving 
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the cost of making the Only by afvery strong admixture 

of clay can the diiiintegratk)n of the brills be prevented ; but 
then the loss of sulphur and thi contamination of the ’burnt ore 
is all the greater. In both cases the sulphur left in the burnt 
ore rises very much, from 6 to 8 per cent, and more. Where 
the cinders go* to copper-extraction works, the .use of clay for 
’balls is qu^te inadmissible. , 

• Wurtz (Amer. P. 252287) mixes the jjyrites fines with 
pulverised metallic iron, moistens the mixture with a solution of 
ferrous sulphate, and allows the whole to be made coherent b)^ 
the rusting of the iron. 

Wicss (Ger. P. 185602) treats the balls made of pyrites- 
smalls with coking substances and lin^e, etc., with a solution of 
waterglass, in order to increase their cohesion by the formation 
of silicates. 

Robeson (B. P. 1639 of 1908 ; Ger. P. 238119 ; Fr. P. 386695) 
makes^briquettes from pyrites-smaAs b)’ means of spent sulphite 
liquor fitim the manufacture of paper* pulp as binding agent. 
The liquor is first neutralised by caustic soda or hme, and 
concentrated in vacuo to 3^ briquettes obta*ined are 

hard and not hygro.scopic, and the organic matter, introduced 
with the sulphite, aids in the combustion [bijt emits injurious 
carbon dioxide]. 

Utley Wedge (Amer. Ps. 804690, 804691, 804785, all of 
November 1905; Ger. P. 181516) employs, as binding.agent for 
pyrites-s*mall^, fei rolls sulphate, by i^elfor mixed with sodium 
sulphate and nitrate, and subjc*cts the mixture to heat, insuffi- 
cient to expel the 5? from the pyrit^xs, but jiiifficienf to bin^l the 

mass. , • 

Ricketts and Kii^^ (Amer. P, 89^799) mix the pyrites fines 
with a fusible sulphide or other sulphur compound, and subject 
the mixture, under reducing qcindkibiis, to sufheient heat to 
liquefy ^he. sulphur compounds. The now coherent mass is 
compressed, v^to any desired shape.* 

Burning PyAtes-smalls without making fhem into Balls. 

The making up of pyrites into balls with* clay is connected 
with so many drawbacks that .something’ cls^was .soon looked 
for. This was found indvspensablc where nothing but pyrjtcs- 
smalls could be obtained*, or where these could be procured so 
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cheaply that acid -makeVs wished to dispense entirely or partially 
with using lump ore. At the pyrit^js-mines- there were formerly 
enormous heaps of smalls, whidi were not saleable at all and 
would sometimes have been given away for nothing, just to 
make room. In other places pyrites only occurs in a loos.e, 
roughly crystaUine shape; and, again, in others it is obtained 
•by wet preparation altogether in the state of smells. Thus 
* there was great encouragement for constructing apparatus 'for 
burning small pyrites in large quantities. 

The contrivances for burning pyrites-smalls may be divided 
into three classes, namely, those working by external heat, those 
utilising the heat of ordinary burners for pyrites in lumps, and 
those arranged for burning the smalls by themselves without 
any extraneous apparatus. 

(a) J[vriics-s)fMlis in Coal-fired Furnaces, 

Apart from the use of “ balls,” the oldest plan of dealiijg with 
pyrites-smalls is that of Spreading them on the bed of li' furnace, 
heated by Hues underneath, the fireplace being arranged ht one 
end and the pyrites-du.st being introduced at the other, and 
being gradually moved forward towards the fire end, as room is 
made for it by drawing out the burnt ore. Since the ore is thuji 
turned over many times on its way from one end of the furnace 
to the other, the sulphur was suppo.sed to be thoroughly burnt. 
This is, however, but imperfectly the case, even if the furnaces 
arc made lOO ft. long. Mdreover, the cost of fuel in the best case 
is^very heavy (at least lo cwt. of coal is consumed for a ton of 
pyrit,es, usually much more), .so is the cost bf labour ; the con- 
tinuous opening of the working-doors causes very much false air 
to get into the chambers, even fire-gases sometimes leak through 
the furnace-bqttom, and therefore the consumption of nitre and 
the yield of acid arc very bajl. ,We shall, consequently, not 
go into any details respecting these “ muffle-furnaces, ”'’but refer 
to the first edition of this work, where, on pp. i.S6, to 190, the 
Belgian furnaces, and tho.se of Spence, of Godjn, of Imeary and 
Richardson, are described and partly illustrated by diagrams. 
Since ''it has been pccogni.sed that no extraneous heat is neces- 
sary for burning^pyrifes-.^malls, such furnaces must be looked 
uppp as altogether irrational, and thqy are practically obsolete 
rK)w. This, of course, has nothing Ifb do with the fact that 
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similar furnaces are in u,se for roasting galena and other ores- 

which do require external ht^t for the pi/rpose. 

> 

(b) Burning Pyrites-dust by the Heat of Puirners for Lumps. 

. This was considered a great impruveiiient upon the older 
methods, but it must be e(]ually pronoiuiced obsejete now, at all 
hvents in tl^e case of ordinary pyrites. We shall thercffc)re treat 
these processes very briefly, referring for .details to the first 
edition of this work. 

The first furnace for burning pyrites-smalls by means of the 
heat from lump-burners seems to have been that patented in 
France by Usiglio and Dony, 24th January itS52, which, how- 
ever, did very imperfect work. Much more important is the 
furnace constructed by Olivier and Perret, which was introduced 
into the majority of French works and was in u.se there for many 
years, until replaced by the Maletra burner {inde p. 465). 
Olivier.^and Perret placed above an ordinary lump-burner a 
number hf shelves made of fire-clay, and charged with a thin 
layer (not above ] in.) of pyrites-dust (for exact description and 
diagrams, vide first edition of this work, pp. 193-196). ’ In this 
way it is possible to burn about 1 cwt. of dust to each 2 cvvt. of 
lumps, the sulphur in the cinders being reduced down to 4 or 5 
per cent. The whole furnace was originally about 20 ft. high, 
which necessitated a second working-stage above the ground. 
There is, of course, a good deal of labour connected with this 
sy.stem. Lat^ir on it was made l()wer,*and so arranged that all 
the doors were on cme ijide, so that a number of furnaces couki 
be grouped into a set. • • ' > 

In a simpler form, namely, that of a single cast-iron plate, 
above ordinary lump-»burncrs, this .system was introduced into 
some Tyiiesid'-i works, first by MacFulloch, hut was soon 
abandoned again [cf. first eciitic^i, pp. I9*"^93)- 

Another way of carrying out the same principle was the fur- 
nace of H^scnclever and Helbig (our first edition, pp. 196-201). 
Here, at the end a set of lump-burners, a tower-likc apparatus 
was arranged with eight inclined shelves of fire-clay, over which 
the dust was graduallyto slide down and to. be! burnt on its way. 
Thus from 10 to 16 cwt.'of smalls wcfe td be l^urnt for each 48 
cwt. of lumps; but the principle of automatic sliding-down did 
not answer ; the motion eff the dust had to be aided bY^hand** 
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work, with much introduction of false g^ir ; and although a large 
nuTibcr/jf these furna'ces were eretted, principally in Germany, 
they have been almost or entirely abandoned for some time past, 
and we abstain from describing them in this edition. 

(c) Ihirniuj^ 1^ y rite -snialls ivithout Ex ter it al Heat. 

We Qiust, in the first place, mention a plan whicU^does with- 
out any special dui^t-burners, and only represents an imprefve- 
ment in making “ balls.” It is ba.sed upon the fact that pyrites, 
if it is in the shape of very fine powder mixed with water, 
coheres to a solid mass -ioithout tJic aid of any plastic substance. 
The fine pyrites-diist, in the presence of water and air, begins to 
oxidise very soon, even at the ordinary temperature ; thus basic 
ferric sulphate is formed, which firmly cements together the 
separate grains of dust. This only takes place to a sufficient 
extent if the grains of dust are very fine and the mixture with 
water very perfect ; and it can never be attained by merely^sifting 
and moistening the fine ore. The ore must therefore be ground 
finely with water in a mill, for which purpose usually the 
so-called pug-mills are used, a kind of vertical mortar-mill, some- 
times with revolving bottom dish, or, if the dish is stationary, 
with a mechanic?! arrangement for throwing out the mixture as 
soon as it has reached the proper consistency. The pyrites- 
smalls are thrown into the mill, water is run on, and the mill is 
run till a homogeneous mixture similar to fine mortar has been 
formed, which by itself h^s somewhat plastic procpertie.s. This 
ivass is dried in layers of fn. thickness on the top of the 
pyri*-es-burncrs, often in cakes about i8 }n. square ; and after 
^twenty-four or thirty-six hours it has hardened sufficiently for 
use. It is broken up into pieces of the s'ume size as the lump 
ore, and clwged together with this into or/^linary pyrites- 
burners. In this case it is nqt necessary to observe a certain 
proportion ; for the balls made in this way are so hard that they 
can be thrown to the ground without being broken ; they do not 
fall to powder* in the burners, and burn out |J.s well as lumps ; 
their cinders arc, of course, of the same value as those from 
lump* ore, whilst thase mixed with clay make the utilisation of 
the ferric oxide, ^.prochiced at the coppOr-extraction works, very 
difficult. ^ 

^ The principal drawback of the prbeess is this, that the mills 
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suffer very much wear awcl tear from the hard pyrites. In spitS 
of this, it was formd\'ly the n^ost usual plAn in the lar^’^e^ English 
factories. The cost of labour 'for grinding, carrying to the top 
of the burners, for drying, taking down, breaking up, and laying 
down in front, of the burners some years ago was is. 4d. per 
ton. To this must be added 6d. for coals for working the mill, 
and wear Jrnd tear of the same, altogether about 2s., ai^art from , 
th*5 wages for the burning itself (another is.- per ton). 

The process just described is not applicable in cases where the 
great bulk or the whole of the pyrites employed is in the shape 
of dust. In such cases formerly the only available contrivance 
was the above-mentioned mnfnc-furnace (p. 460), with all its 
great drawbacks. The first who proved that the heat generated 
by the combustion of ferrous bisulphide is sufficient for keeping 
the process going without any external aid, quite ns well in the 
case of pyrites-smalls as in that of, lumps, was Moritz Gersten- 
hofer, 'Whose furnace is de.scribcd at length and shown in several 
diagrams in the first edition of this work, pp. 205-215. We 
here give only one diagram. Fig. 103, and a short description. 
That furnace consists of a shaft, 17 ft. high, 2 ff. 3 m long, and 
2 ft. 7i in. wide inside, provided with a large number of pris- 
ipatic fire-clay bars, so disposed that the inter /als ofeach upper 
tier are covered by the bars of the next lower tier. Ihe 
pyrites-dust is fed in by means ol lluted rollers, and drops from 
tier to tijr, forcing down the particles previously lyiiiVr on the 
bars accordii^ to the natural slope of the ore. Before starting 
the feed of the ore, tha furnace is brought lo a bright-red heat 
by means of a coal-fire. Afterwards the' combustion of the 
pyrites by means of the air entering from below is quite suffi> 
cient for keeping up Ihc heat. » 

The two gi'Cat drawbacks of the fE-rstenhofir burner are : 
the very ^arge amount of flui-d*st produced in it, and the very 
incomplete clesulphurisation of the eye (8 or 10 per cent. S in 
the cinders).- Frincipally for these reasons this ingenious furnace 
has been abandoned again nearly everywher^e, and is now only 
used for roasting “ coarse metal ” in a few copjjcr-works. the 
Freiberg works, wher^ it was used fey a v'arlety of mixed ores 
(25 to 36 per cent. S), it !ias also beenTepla^eckby the Rhenania 
furnace, to be described bulow. 

Accordirrg to Scheurer-Kestner (hull. Sol. Cliiui.^ xlvyp. 228), 
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Ferret later on constructc^l a furnace, resc^nbling Gerstenhofcr’s,* 
but free from the defects of llie latter. The pyrites wa:^ stated 
to be thoroughly utilised and tlifc cost of labour reduced to one- 
half as against Maletra’s “ shelf-burners ” (see below). At the 
tiqne of Scheurer-Kestner’s report the furnace in question was 
evidently still in the experimental stagt^ ; and aj^ nothing more 
has been ^^ard of it, its success cannot have been so, great as 
anticipated. , 

The object but imperfectly attained by Gerstenhofer’s inven- 
tion has been realised by a very simple plan— so simple, indeed, 
that it was not thought worth [latenting at the time, although it 
has subsequently proved to be of immense importance. Maletra 
owner of the works of Petit Ouevilly, near Rouen, after having 
for some time burnt his smalls by means of an Olivicr-Pcrrel 
furnace, conceived the idea of separating the upper part of thit 
furnace from the lower, and wc'rkifi^ the dust by its own heat ol 
combu^ion without any aid from a lump-burner. This idea 
which Wc'ft worked out about 1867 with flie aid of 'Pinel, proved 
entirely successful ; but in spite of this, and also of the shelf- 
burner^' being the simplest and cheapest of all^dust-bifrncrs, il 
became comparatively slowly known; but since 1S73, when il 
became better known through the Vienna Inhibition, it ha* 
spread on the Continent with extraordinary rapidity, whilst fo 
a long time it attracted little attention in England. The firs: 
burner out of PTance seems to have been erected at the»works o 
Schnorf i 5 rotljers, at Uetikon, near Ziff'ich, in 1870 ; in Germany 
the first was erected at JKunheiiTi’s works in -Berlin. Iwen if, '4.1 
it would seem, soine^form of these simple shelf-burners had beer 
previously in use here and there, their si/m'ssf/l application foi 
burning pyrites-smaHs seems first Jto have been effected b) 
Malctra’s workj. • 

Fig. 104 gives a longitucynij. Fig. 105 a cross section, th< 
latter through two furnaces. Usually a whole set is built in i 
row. In orcjei^to start it, a coal-grate, rz, and fire-door, an 
provided, v^hich aj'c walled up when the burner has got up to ; 
white heat. During this time the top worRing-door remain 
open. Then the five»plates, r/, arc cnarged with smal 

ore through the door.s /?,%, k, whereupon ttie^p)^rites takes fire a 
once. The air enters throygh /, and is regulated at will. JJn 
gas travels oyer all the plates in a serpeiitin* manner, indicate( 
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by the arrows, escapes' through m into the dust-chamber, and ' 
through 0 into the acid-chamber 0( into an(£)ther dust-chamber. 
The chamber n is covered by a metal plate,/, upon which lead 
pans, r, r, are placed, in which all the chamber-acid can be con- 
centrated from 112" to 144° Tw. The acid of one pan com- 
.municates with that’'of another (as usual) by siphons or by 
simple run-overs. Each of the shelves, which are 8 (J. long and’ 

5 ft wide, consists^ of eight plates in two rows of four ea^h ; 



, Fir.. 104. * 

they rest at the sides, in the walls ,91 the burner, in the middle 
on fire-clay bearers, s, s, whose shape is better sliou^i in Fig. 
105. They are not equidistant, as can be seen ii^, the drawing ; 
the upper shelves, where more gas is evolvec^, arc vyjder apart 
than the lower one^, where the radiant heat of the shelves is all 
the nfbre useful. •Tlic best distance for. the upper shelves is 
4J in. In order to bifrn i, larger quaiitit^ of pyrites, it is not 
po^sjble to leave tlie ore lying quietly, as in Olivicr-Perret’s 
burner/ 'since here* the external heafting by the Jump ore is 




the plate an 4 there leveUcd again. Thus ihe.highcr plates 
are successively treated, till t^c Jjiglufst platen, t, is emptied and 
can be efiarged with fresh ore. If four furnaces go together, 
one of them.i.v^n turn every hour, ^hc contents of the pit 
are removc;d oncc^a day by the door t'. The movement of the 
ore by removal from one shelf to another causes its thorough 
combustion, and thus also raises the heat. •h<^ur furnaces of the 
above dimensions burn^laily 3 tons pyrite.*^ hrom 61 to 7 
. — • lb. of ore are calculated for,eacli superficial f^oot of shelving. •• 
Sometimes the shelvA are made in the Siape 01 a ^ory flat 
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arch, for the sake of greater stability ; ,or at least the bottom is 
arched, especially in the case of V'idc shelves. Some prefer 
building t‘hc furnaces in such rhanncr that the fire-clay slabs 
forming the shelves are nowhere enclosed within the brickwork 
of the walls ; they arc then more easily replaced when broken.. 

The Maletri^ burners were improved later on 6y making the 
fire-clay shelves stronger and diving away 
with the middle bearers, .y, (Fig. io 6 ), 
which give much trouble in working the 
burner. The.se shelves are made from 
3 ft. 3 in. to 3 ft. 7 in. inside. 

MaUlra's burner, which has obtained 
general acceptance in Germany, has been improved there by 
Schaffner, P. W. Hofmann, l?ode, and others. 

Through the kindness of Dr Max Schaffner, of Aussig, I was 
enabled to obtain detailed drawings of the shelf-burners as 
modified by him, and these are reproduced and describec[,in our 
second edition, pp. 255 find 256. This furnace has sevdn plates, 
each served through its own door — three on one side, four on 
the othef On the first side there is also the ash-pit door, 18 in. 
square, for drawing out the cinders, which is thus done in the 
usual way, not by the rather inacce.ssiblc pit of 
Maletra. The doors all slide with their planed 
margins on equally planed ledges cast on the 
front plat*:es, so that luting or plastering is not 
necessary. A certain nuftiber of angle-pieces , 
ar^ bolted to the front plates ; These, between 
their^ outer tend ail'd the planed ledges, l&ve 
sufficient room for the doors t to slide each way 
on the inclined face a b ; an^l there is a sufficient ^ 
number of sucji pieces present for each door to • 
be always held by three* of t^em (Fig. 107). 

This style of work is evidently much cheaper 
than casting everything in one piece, because # 
the planing is* much easier ; it is also cheaper 
than the English style, shown on pp. 425 and 
426, a*nd quite as Substantial as the latter.* There are no special 
openings for the gLir,^a.^, in* spite of the jflaned surfaces, sufficient 
ait /enters to support the combustiun. The regulation of the 
draughMs nHe^'ctf^Ted entirely by thi chimney-daaiper. 
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In this burner (h(si <wd peas arc fciirnt toe^ctJier, and the 
sulphur is burnt dawn to i| per cent; yhus the grindyi" of the 
smalls, which is still practised at some- works, is done away 
with. ' 

. The Aussig or Schafifner dust-burner has been erected in 
many works from the plans given in the previous edition of this 
book, an:^that with entire success. Of course at some place^ 
ntinor modifications have been introduced,, but the principle is 
always the same, also in the plans given by Falding in Min. 
Ind., vii. p. 668. 

Most manufacturers now consider that burners worked from 
both sides allow too much false air to enter, and therefore prefer 
arranging two rows back to back. I am enabled to give full 
drawings of the most modern dust-burners from the designs of 
Mr H. II. Niedenfuhr, as .shown in Figs. io8 to no. They arc 
clear enough to require no further description. 

Ac<;ording to communications from Mr Benker in 1902, he 
still built his Maletra’ furnaces on the old syst-un (p. 465), all 
the compartments in one line. On the top he places a 'oUccting- 
flue and dust-chamber, 5 ft. high ; at the e^nd of tbe set a 
large dust-chamber, of the same height and width as the 
furnace and 20 to 30 ft. long, according to the description of 
ore. One-man serves two compartments. Each of the.se burns 
20 to 24 cwt. of 50 per cent, pyrites per twenty-four hours, but 
up to 32 cwt. of poor ore, .such as\ie had to work in Italy, con- 
taining 26 per cent, sulphur and 3' per cent, copper, of which 
90 per cent, was soluble in waiter and 95 *per cent, soluble *in 
dilute sulphuric ad!d after roasting. Th6 ore is spread on 
the plates by means of a tooth-rake, producing an undulated 
surface and not leaving any bar;^ places, h'rom such poor 
ores Benker cibtained gases with 7 7 per cent. SO^ on the 
average, and produced 6-2 »kg, acfd of 106 Tw. per cubic 
metre (=^0-39 lb. per cubic foot) in^twenty-four hours, with a 
consumpt^ou 0-7 parts nitric acid 66' Tw. to^ 100 sulphuric 
acid 106° Tw. « , 

One of the principal advantages of the shelf-burners is that 
the ore is burnt out t\> a much larger extent not merely than 
with any of the older fofms of dust-lfurifer^, l^ut even with the 
best lump-burners. Even without grinding th e smal ls «i1» is 
quite easy to keep the sulphur in the cTndets down to^ p?r 
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cent. At many works, at Uetikon,#the average amount of 
sulphur in the cinders i^:vcr exceedjl’ i per cent., and frequently 
it is below. At Maletra’s own v^orks they get down to o-6 or 
0-cS per cent., but this can be done only by crushilig the smalls 
down to an almost uniform fine powder. The amount passed 
through the burper also influences this. Sorel states that a set 
of burners, charged with 34 or 35 kg. of ore per .square metre 
every twenty-four hpurs, was regularly burnt down to 075 p«r 
cent. ; with 36 kg. the sulphur in the cinders rose to i per 
cent, with 32 kg. it fell as low as 0-42 per cent Jurisch, in his 
Schwcft'lsdNri'fdbrikatioii (p. 80), quotes 30 kg. pyrites per square 
metre of plates, with variations from 25-6 to 35*8 kg. Stolzen- 
wald {C/ieiii. Zeit., 1901, p.*22), when burning Hungarian pyrites 
(47 per cent. S), was not able to burn more than 24 kg. per 
square metre of Maletra plates, in order to get down to 17 per 
cent S in the cinders. 

I have seen in Germany shelf-burners working-up “ pgas ” of 
Spani.sh ore down to 2-8* per cent. S, and even real “lu'mps” of 
Westphalian ore down to 3-5 per cent. S. 

Such results can, of course, be obtained only with pure ores 
free from zinc, lead, etc. Hence the cinders from shelf-burners 
are readily bought by iron-wofks, both for blast-furnaces an^ 
other purposes. 

The Maletra burner is particularly adapted to rich ores. 
With a 5(i‘ per cent, ore good/esults are obtained, if from 32 to 
37 hg. ore is burnt in twenty-seven hours on each j^quare metre 
ofnlate surface (/>. 6-5 to 7-5 lb. per square foot). The lowest 
limit ds 28 kg. ( = 57 lb), a'nd this should fle only exceptional 
l^ecause otherwise the burners cool down. For poor ores, that 
is below 38 per cent, sulphur, the shelf-burner is not well 
adapted. , ^ • 

In a six-shelf burner there opgkt to be scarcely any purple 
flame visible when pulling the charge down from the top shelf 
to the second shelf. The second shelf is at a bright; red heat, 
the third one less so, and .so forth ; the back ,part o/* the fifth 
ought to be visible only at night by the light radiated down- 
wards from the fouVtb, and the sixth ought to be perfectly black. 
Krutwig and Durponccfart'(6'/!^;;/. Zeit. 'Hep., 1898, p. 242) found 
theHemperaturc on the top shelf=68o'’, on the .second 750°, on 
the thircr720^', on life fourth 650' C. * 
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Sorel found the foyowing percentages of sulphur on the 
different shelves 


Sulphur in green ore 
First shelf. 


‘50 per cent. 
32 M 


Jiecond „ 
Thtrd ,, 
Fourth „ 
^ Fifth „ 
Sixth „ 


17 

• 7 . 

» 

5 

2 „ 

' 5*75 ,! 


He regularly found half. of the sulphur in the cinders to 
be in the shape of FeS, the other half in that of ferric 
sulphate. 

Crowder (/. Soc. CJiciiL IntL, i(S9i*p. 298), in working with 
shelf-burners containing seven beds, charged once every eight 
hours (so that the charge takes 7 x 8 - 56 hours to complete the 
course), found the following pe.centages of sulphur on the 
different shelves (nearly agreeing with Sorel’.s results mentioned 
in the tocct : — * • 


. 


A\era}^(* of 2 :) ti laK, 

Ditto of 28 triah. 

Ore charged . 


50 

50 pci ( cnt. S. 

No. I shelf . 


32-27 

32 * 8 1 

2 ,, 


21-41 

17-55 

3 


12-77 

,11-09 

4 M 


6-39 

5-05 

5 * 0 . 


4-08 

3 ‘ 4 “ 

6 „ . 


?-35 

2'56 » 

*7 


>27 

t '()6 


If there is too much draught, the lower shelves cool down • 
and the upper onestget hotter. This may^ause the process to 
appear as going on very well ; but it soon turns out bad. If, on 
the contrary, there is too little air, the bottom shelf becomes 
luminous and t]ie suIphGr in the cinciers rises rapidly. In both 
cases there is incipient fusion on the seconS shelf, which 
prevents the; roasting from being carried through. 1 his can be 
remedied by a^lmitting a little air itt the door of the second 
shelf, or even mixing a little dead ore with the* charge. The 
admis.sion of air* to the intermediate shelves serves also for 
bringing forward any. burners which have got behind, and to 
burn any suiphur subligiing from the ^rst shelf, in case the 
burners are going too hot, or from damf) .giving off 

sulphurettedjiydrogen ; Ifut this expedi«^ht, ^scful a: it is whep 
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properly handled, mujft be employed^ with caution lest the 
bottom shelves get tool;old from wtfnt of ai& 

In the 'normal style of workiilg all the air required for con- 
verting the sulphur into sulphuric acid enters a^c the bottom 
shelf, and this large quantity of cold air may lower fehe tempera- 
ture of the nearly bifrnt-out mass to such an extent that no 
more ferric sulphate is decomposed. It was at first attempted at ' 
^Maletra’s works to avoid this by leading the burner-gas down- 
wards underneath the bottom shelf, thus heating the latter and 
employing the ground-space as a dust-chamber ; but this plan 
did not answer and was soon given up again. It has even been 
tried to utilise the heat of the burner-gases for a previous heat- 
ing of the air serving for the burning-process, But evidently 
this must most seriously interfere with the draught, and will 
hardly answer in the long run. The same advantage would be 
secured more easily by aditiitling at the bottom only the 
quantity of air absolutely necessary for completing the impasting 
of the air, and allowing Mic remaining air to enter by a- regulat- 
ing-slide in the top working-door. In this case the bottom 
shelf will be visibly red-hot in the dark. This plan can be 
carried out only\vhcre the draught is very good, for instance by 
making the gas tp rise to a considerable height before entering 
the chambers, and never leading it downwards in any part of its 
course. The burner walls should in this case be made thick or 
hollow tQ prevent loss of hej/t in the lower part ; on the con- 
trary, any overheating of ♦the top shelf should be avoided by 
making the gas-flue rather high and causing the heat to be 
dissipated there, n%ost rationally by meitns of evaporating- 
pans for sulphuric acid. Another plan is, introducing the 
requisite excess of air into the first chambers by means of an 
injector. ^ , 

The management of sbelf-burqprs is really easier than that 
of lump-burners, but it involves a little more kdDo’ur. It is 
generally assumed that onb man can charge, burs?, apd withdraw 
a ton of pyrites every day ; but it is possible^ to ggt up to 25 
cwt. It seems best to give five burners to each man, so that 
each burner is cha»/ged every five hour.s. . The phenomenon of 
scarring (p. 449) is hardfy ever noticed bere. The working- 
doges must never be left open any longer than is absolutely 
i^cessary for the wf)rk p in, this case b6th the yield of acid and 
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the consumption of nitye are just as f.Wourablc when working 
dust on a shelf-bui^icr as wjith the bes^j lump-burners. This is 
the uniform testimony of tlVe ilumerous works I have visited. 

In orderVo start a new burner (which, of course, must have 
been thorcH\ghly dried first in the ordinary manner)^ the com- 
munication with the chambers is stopped *and a^firc is lighted on 
the shclwjs, beginning with the bottom, sometimes b}^ means of 
a, temporary chimney. After four or five (^ays, when the burner 
is moderately red-hot (it is unnecessary and even injurious to 
get it up to a brii^Jit red heat), the remainder of the fuel is 
cleared away, pyrites is charged on the three top shelves, and 
communication so made with the chambers, whereupon the 
regular service is started as prcvioirsly described. 

For some time past the shelf-burners have alsf) been intro- 
duced into a number of Fngli.sh wcu’ks, and everywhere with 
great succe.s.s. This has been ddiie on the largest scale at the 
Newcastle Chemical Co.’s Works f Allhusen’s), where 129 shelf- 
burncrs«on Schaffner’s 'plan, described ^in this bviok, have been 
erected, which consume from 6(X^ to 650 tons of pyrites-smalls 
(Mason and Barry’s) per week. Each burner is chtir^ed, once 
in eight hours, with from 4!- to 4] cwl. of smalls. 

The objections made to the shelf-burner in its employment 
lor sulphite paper-works by Ilarpf have been refuted by me in 
Z. (Vioezif. Chcni.y 1896, p\). 65 and 157. 

CoDibination of Lnnip-biinicrs \id Dust -burners fordJic Same 
Set of (Chambers. — Such a combinatfon is generally avoided, as 
the conditions of draught arc* very different in each case., I 
have, however, seci^a combination the above-mentioned, kind 
in excellent operation at the Stassfurt potash-works managed by 
Dr Bernhardi, the gcod result being brought about by placing 
the shelf-burn^s so low that the top shelf is on ^ level with the 
charging- door of the lump^burner.^. This causes an upward 
draught In ,thc shelf-burners, and prevents their blowing out, 
even when the^loors are opened. * 

Ot/fer Descriptions of Shelf -In^mers. 

The furnace of Finch and W., J., S. Willoughby tB. P. 
2913 of 1883) differ^ fwom a Malctm Itirner^ only in that the 
shelves, instead of being placed hori/ontgilly, arc inclined iiiter- 
nately in opposite directions. 
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< A modification of tile Maldtra burner has been patented by 
Mactear (3701 of 1878)1 » # 

A furnace, combining some oV tne features of the Gersten- 
hufer and the Malctra burners, has been patente^d by Hasen- 
clever and Helbig (description and diagrams, first ed'ition of thi§ 
work, pp. 220 to ,222). * It.has never been carried out in practice, 
and is not likely to be so now. ^ 

E. Bramwell (Gpr, V. 22758) has constructed a somewhat 
complicated pyrites-burner, in which, contrary to the ordinary 
dust-burners, the fresh air meets with the green ore, the products 
of combustion being gradually led over partially roasted ore, 
and at last over the almost spent cinders. This is effected by 
placing five calcining-beds* in a row, each of them provided with 
an outlet for the gas connected with a gas-main, to be connected 
or di.sconnectcd by means of a throttle-valve, so that the current 
of gases can be directed at wilt. The last burner of the scries 
communicates with the first ty means of a flue underneath, so 
that a regular rotation chn be kept up, as is done in lixiviating 
vats for black-ash. 


Mechanical Diist-Bnrners. 

The necessity, of frequently opening the doors in Maletra’s 
and all similar furnaces is certainly a drawback ; it necessitates 
much labour and cannot but introduce some false air. These 
drawback's have been overcouj/e in a most ingenious way in the 
mechanical pyrites-dust bhrner constructed by ^MacDougall 
Brothers, of Liverpool ; but, unfortunately, fresh troubles have 
arisev there vVhich htlve caused these burnef/s to be abandoned 
j^gain. Still, as in theory they are the most perfect of all 
dust-burners, we will descrjbe them here, -especially since the 
drawbacks connected with them have been ov(4rcomc by later 
inventions. The MacDoifgall ^bu,»'ner is shown in Figs, iii 
to 1 13. 

The burner consists ol a metal cylinder, 6 ^t. in diameter 
and 12 ft. high, formed of seven rings, aa, bolted together, and 
provided with a solid bottom, but open at the top. The rings 
are cast in such a Way that the lower and inner edge of each 
can serve as an .abutfiierk for one of ••the flat arches to 
which divide the inn.er space of the cylinder into seven 
chambers, the uppermost -of which i.‘? open at the top. The 





, ’^rORKI^jIG PYR1TP:S48MA1,LS , 475 

♦ • 

arches, as well as the (;ast-metal bottom of the cylinder, are 
pierced in th^ centr^j, and allow the pas^ige of a cast-iron shaft, 

6', 6 in. thickjfwhich is tiirned*b)^ means the toothed ‘wheel d, 
the pulley r, and the steam-engine / The shaft carries at top 
and bottom^\iie lutes g and g^, into which the cups Ji and //j, 
fixed to the top arch and the cylinder- t)oftom, enter ; the latter 
‘are fast, wljilst the lutes ^ and g^ turn round with the sjiaft, and 
a hydraulic joint prevents the escape of gas at the places where ’ 
the shaft enters and leaves the cylinder. To the shaft are fixed 
the cast-iron arms, . /y, provided with teeth along their 

lower margin. The teeth are placed alternately in opposite 
directions ; so that the arm moves the ore-dust from the 
centre to the periphery, 4 , the same from the periphery to 
the centre ; 4 acts like 4 ; 4 like / and so forth. Correspond- 
ing to this, the arches arc perforated alternately— 4 , /Aj, and 
near the margin, 4 ^, and 4. in the centre. The latter have a 
large ce^itral opening, 1 ft. 3 in. wfde, lined with a metal pipe, 
which gives free play round the shaft to the gas and the 
ore-dust; whilst in the other arches the shaft is so tightly 
surrounded by a metal pipe that scarcely an)^ dust, and still 
less gas. can get through. The small ore (which need only be 
passed through a i-in. riddle, and therefore ceptains pieces up 
to* the size of a walnut) is lifted by the elevator k (also moved 
by the engine/), and is emptied on to the top flat, l\, where the 
arm 4 takes it round and gradijalh' moves it towards the 
periphery, yuring this time the is completely dried by 
the heat of the gas below. The ore dropping dovyn the edge 
at / from the open fbp chamber i.s contimudly pushed into the 
first closed chamber by a ram at A. The ram A can be moved, 
reciprocally either by the rod 11 or^C. and can be moved more 
or less c|uickly ^ so that the feed of ore can be Regulated to a 
nicety. The arm 4 moves the ore» towards the centre of A,, 
where it *dr©ps down; moves it towards the pciiphery of 
where it.dr^ps dowa again, and 1:hus quite gradually and 
constantly^being ^directed by the teeth of the arms, arrives at 
tjie bottom, and is emptied out through the pipe Ihe two 
sides, n and 0, allow the contents of /// to* bo got out without 
any loss of gas or a*ny»air entering! the other way. As the 
furnace during the operation is in full 4eat, most of all .ioar 
the top, the pre ignites as^ soon as it >artive£^ on the bottom of 
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the first closed chamber, Ik^\ and in, its gradual zigzag way 
towards the bottom t,h|^ sulphur is completely bi\rnt off. The 
air is cofitinually sypfjlied byHht: air-pump p iy exactly the 
necessary quantity ; and the gas escapes through the pipe r to 
the acid-chambers. 

An apparatus sucfii as is here figured is sufficient for burning 
3.J tons of ore in twenty-four hours ; with eight closed chambers 
•instead of six, it can burn 5 tons. It is also very well adapted 
for burning the spent oxides of gas-works; but then it must 
have only four chambers. In a factory on the Tyne, where this 
apparatus was at work for a while, the consumption of coals for 
driving the engine amounted to 4 tons per week. A 2-h.p. 
engine and 1 1 in. steam-^ipe are said to suffice for the largest 
burner. The wages amounted to ^^4, 5s. per week; but this 
rather high amount was explained by the fact that two other 
furnaces were being built, which were expected to be served by 
the same men who attended the fir.st. Of course this apparatus 
is quite independent df the skill of the burner-men; which is 
mostly acquired only after long practice. 

For heating up, the engine is started and the cold furnace is 
gradually filled,* care being taken to regulate the thickness of 
the layers of ore on the different floors. When the ore hps 
arrived at the bottom, the engine is stopped, and the flame of a 
temporary fireplace, built against the cylinder, is allowed to 
enter it,,until the ore lying, on the bottom and the floor has 
taken fire. Then the engine is started, the temporary fireplace 
is taken away, the-manhole is dosed, and nothing remains but 
to see that ‘-the oro arrives at the bottorrf properly burnt. If 
this should not be the case, the speed of the feeding-ram A, 
that of the air-pump, or that of the agitating-shaft is altered 
till everything is in order. It is easy to get th# sulphur in the 
burnt ore down to i per cent. iit, forced work only 3 to 4 per 
cent, can be attained. 

The objection might be made to MacDougiftir? burner that 
the machinery* in its interior must wear out .very cjuickly. In 
order to obviate fhis, all parts of the machinery are made of 
thick*cast-iron ; a<id, when one of the arms is worn out it can 
be replaced through the* manholes, s* s, ’without allowing the 
appjiratus to cool down. That otherwise this burner has many 
very great advantages \Dver all other! is evident. ,The turning 
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over of the small ore is perfect without any opening of the doors 
and working hand. Not even during cki^rging and discharging 
docs false ai( enter the burncir ;*'and by Aieans of the'*air-pump 
exactly the necessary quantity of air can be admitted (this, 
however, iivpj^actice was found to be very difficult). This work, 
indeed, is done under such favourable qonflitions as are realised 
•by no other burner, whether for pieces or for small^ ; and it 
mjght be assumed that the consumption of qitre would thus be 
reduced to a minimum, and the yield of acid raised to a 
maximum. Nevertheless MacDougalTs burner had to be given 
up again in the above-mentioned factory, because the quantity 
of flue-dust was so great that it could not be managed in any 
way, and the chamber-process was sxriously interfered with. 
Taking the gases through a Glover tower was not to be thought 
of. It does not appear that really efficient dust-chambers were 
employed. The air-pump acted s 6 violently that the dust was 
carried away a great distance.^ Probably this drawback might 
have beesfi counteracted bv some alteratiV)n in the construction; 
but, altogether, the machinery caused endless trouble, con- 
tinually requiring repairs, and there is no doubt that it would 
have to be altered a good deal before it could become a real 
success. 

* The drawbacks ascribed to MacDougall’s furnace were 
intended to be obviated by a new patent of the same inventor, 
1^- P- 39^5 1 S 83 . He describes di^st-chambers provided with 

perforated baffle-plates for the interception of dust carried over 
by the draught, arrangements being made for drawing out the 
settled dust without ^allowing gas to ^escape ®r air to enter. , The 
shaft and rake-arms are constructed of cast iron, having 
central wrought-iron tube so as to obviate warping or bending 
from the effect^ of heat; and in order that the, shaft may be 
readily withdrawn, the arms, or rakes are fixed thereto by a 
fork-shap 4 ?d end and cotter. A second modification is described, 
which is to avoid the dust occasioned by the vertical passage 
from floor 'j;o floor. The furnace is constructed as an oblong 
horizontal floor or chamber, provided with a .series of vertical 
sliafts, having rakes .similar to tho.se above de.scribecl* and 
’ ♦ ^ * 

^ Davis {Chemical Em^huering^ ii. p. 120) mentions ihat with mechanical 
draught out of 25 tons of dust burned per week 4 Aons were carried aw'a;^ as 
flue-dust 1 « * » ' 
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revolving in opposite directions. The .teeth are so placed as to 
draw the material towciKls each shaft, and tkus patos it from one 
to the oth'cr and from (!’nd to enVl fcf the furnace. / Where pro- 
longed roasting or burning is requisite, a similar furnace, or the 
first modification, may be superposed above the mentioned, 
the material bejng first passed through the upper furnace. 

A fuiither improvement was patented by the san^c inventor' 
as B. P. 22504 of ,1891. Mere the central shaft is made«»in 
several lengths, coupled together by widening one end of the 
shaft to form a square .socket, and fitting into this the square 
end of the other shaft, the two being .secured by a square key 
wedged between socket and square end ; a tight-fitting .spring- 
clip protects the coupling from the action of the burner-gas. 
The furnace-rings are joined together by half-check joints 
secured by set pans and rust jointing ; the ends of the pins are 
not exposed to the corrosive fumes. 

The subject of mechanical furnaces generally h^s been 
treated in detail by Kbde, /o/yL ccxix. p.' 55, and 

Wagner’s JaJircsber., 1876, p. 296. 

A furnace very much like MacDougall’s was patented by 
Mr Perret in France, on 23rd June 1875. 

A mcchanicak pyrites-kiln, greatly resembling MacDougalJ’s 
in principle, was patented by R. Mackenzie (B. l^ 44^8 of 1881). 
It is provided with a water-cistern at the bottom, with the object 
of prom{.'ting the process by the presence of aqueous vapour. 
A similar furnace, differing' only in details of corY^truction, was 
patented by Black and Larkin (B. P. 4456 of [881), and another 
by Johnson in Amt^rica. ‘ • 

, The ordinary shelf-burner has been combined with a 
mechanical arrangement by Hering (Ger.‘ P. 9634), who feeds 
the top shelf continuously by means of a screen., the burnt ore 
being removed from the bcfitonr^ shelf by another screw. 

T. Mason (B. P. 3196 of 1880) employs a furnace with a bed 
slanting slightly downwards, across which a nnenber of fluted 
rollers (say t’ventyj are lying, made of cast ir,on or ^stoneware, 
moved by means of gearing outside the furnace. The pyrites^, - 
dust.’s fed mecha^iioally into a hopper, .situated at the upper 
end, and is gradijally diov^ed down the fnefined hearth by means 
of the fluted rollers, the cinders being di.scharged at the lower 
cfnd. A^ furnace placed* below gives additional hea/ in the case 
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of poor ores. [It is not»likcIy that such an arrangement would 
stand the wJar and tear unavoidable i<yi»this case.] Modifica- 
tions of thii\furnace are conlaihed in tlifc patent 1788 of 1881, 
and 2831 of 1882. 

. Walker’iuid Carter (B. P. 4000 of 1883) employ for roasting 
pyrites a set of eight horizontal cylindrical retoifts (four tiers of 
*two each).., heated outside by an ordinary coal fire, ^nd com- 
m«nicating by openings at alternate end,s. Hollow shafts, 
provided with stirrers, pass through each retort ; cooling-water 
runs through all these shafts from one to another and prevents 
their warping. Special contrivances prevent the stirrers from 
touching the sides of the retorts in spite of unequal heating. 
The broken ore is fed into the top retorts and gradually finds 
its way into the three following tiers ; a current of air traverses 
the retorts in the opposite direction. This apparatus is stated 
to have worked well for roasting jjyritcs containing 42-2 per 
cent, sulphur and I\Iin. J., xxxvii. p. 294), but it does not 

convey tiie impression tliat it would go on for a Ic^ng time 
without very heavy wear and tear ; and the necessity of an 
outside fire also militates against it. The report made on this 
burner by W. Martyn (/. .SV. Cheni. hid.^ p. 26) is not 

eiipouraging. , 

W. Bruckner {Rng. and Min. /., xxxvii. p. 425 ; Fischer's 
Jahr£sbcr., 1884, p. 221) employs for roasting pyrites-smalls a 
horizontal cylindrical revolving furrwice. As this furnace is pro- 
vided witR internal firing, and the siftphur dioxide gets mixed 
"with all the smoke-gases, it is* hardly intended, and certainly 
not adapted, for serfing in the inaiTufacturt of sulphuric ^icid. 
This is,, on the contrary, the aim of an apparatus patented by, 
R. and C. Oxland (B.'P. 7285 of i88j), who roast the pyrites in 
a revolving cylinder of 30 ft. length heated from the outside, so 
that the SO^ is kept apart fro«n ^he sinoke-gascs. At the lower 
end of the rotating tube is a cast-iron prolongation, heated 
externally ^by » fire-grate and flues. The amount of air 
admitted tc^ the (;^lciner is regulated by a contri>rance in the 
eijd plate of the prolongation, which <is also fitted with a door 
for the removal of the cinders. (This appartitus seems tp be 
more intended for roasthig arsenical 'orc^fej^an^j recovering the 
white arsenic in the process.) , • • 

K. Waltei;has constru?ted a special *buri?er for ' peas!' that 
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is, small pieces of ore between the size of a hazel-nut and such as 
pass through a sieve fArth eight holes to the lineas inch. This 
apparatus'is described and figuiW'in our first edition, pp. 225- 
229. It has grate-bars laid sideways across the burner, provided 
with projections beneath through which a bar ^passes. This 
makes it possil^lc to'tutn all the bars at the same time and 
exactly pi the same way. The spaces between thp bars can 
therefore, be made very small, .so that the “ peas ” do not full 
through without the bars being moved ; and as they He only 
6 in. thick, the air can pass through with the ordinary draught. 
Each compartment, with a grate surface of 32 sq. ft, burns from 
14 to 20 cwt in twenty-four hours. 

Walter’s burners require a strong draught, and must be 
worked for a separate .set of chambers ; with insufficient draught 
very large scars are at once formed. As they are only adapted 
for a special size of ore, they have not met with any extended 
application. 

A very important ‘modification is the burner constructed 
by Herman h'rasch, which avoids most of the difficulties of the 
above system by the introduction of water-cooling. The Frasch 
burner has been described by me in Z. Chou., 1894, 

p. 15, from which, parts of the drawings are reproduced here as 
Figs. 1 14 to 1 16. We notice the hollow shaft C, 8 in. outside 
diameter, 5 in. bore. Above the cylindrical burner it is con- 
nected with the fixed water-;pi[->c D by means of a stuffimg-box. 
As we see from Fig. 1 pipe k takes the w^ter from the 
cistern E to the top of D, and pipe //, starting from the bottom 
of E, reaches nearly to the bottom of shaft C. This causes 
a continuous circulation of water from E through k downwards, 
then upwards in the annular space between }/ and C, and back 
through k to E- Branch water-pipes reach ingifrom C into the 
hollow stirrers H protect t^iesc^aUo from fusing or deformation. 
Shaft C is, moreover, protected on the outside by wire gauze, 
covered with a paste of fireclay. Thc<i remainder of the figure 
can be easily understood by reference to the M^cDougall furnace, 
but attention must be drawn to the very efficient dust-chambpr 
shoHU'i in sectioiutl elevation Fig. 1 14, and sectional plan Fig. 
•IS- ‘ ' 

« ‘I have convince^ myself by personal observation of the 
excellent function^ of t‘his apparatus, ^especially al^o of the fact 




482 THE PRODUCTION OF SULP^HUR 0IQX1DE 

that the protective water circulation between the hollow shaft C 
and the hollow side-arpi^ H is quite sufficiently efi xted by the 
steam forlned in the lat(er. ■ r 

According to a report received from Mr P’rasch, his furnaces, 
which arc now regularly made i6 ft. wide, have ^dene perfect 
work ever since; thkty of them are in operation at eight 
different works of the Standard Oil Co. for the purpo.se of 
boasting metallic sulphides. The heat produced in the interi^pr 
of the shaft and arms is utilised by attaching a steam-drum to 
the highest portion of the water circulation, and the steam is 
used under 2 atmospheres’ pressure for distilling benzine out 
of light petroleum oils. 

llie Ilenrshoff Ihinicr. 

Similar to the MacDougall burner is also the Ilerreshoff 
burner, but here the cooling is performed by air. The American 
patents of Herreshoff are : — Nos. 55f>750 1 16926 (1899) ; 

729170(1903); 076175(1910). 

It is sold by the General Chemical Co. of New York, and 
the Metallurgische Gesellschaft of Frankfort. The former 
shape of this burner and its working are described in Mineral 
Industry^ vi. p. 236, and by Gilchrist in J, Sor. Chem. Ind.^ 
1899, p. 460. That shape, with illustrations, is described in our 
last edition, vol. i, pp. 349-351. In the place of this we shall now 
describe and illustrate the burner in its recent shape, according 
to pamphlets issued by the General Chemical Co. of New York, 
and epistolary communications I have received from them. 

The new. Herre^shoff furnace (Amer. 976175 ; Fr. P. 
420975) is the direct result of an extended study in 
roasting the fines of ore. The irregularities of operations of 
fines’ burners heretofore h^tve sprung to a consjdcrable extent 
from two causes. First slagging and sintering of the roasting 
ore which caught the arms arid rabbles, sometimes breaking 
them, and an excessive Vlust production whifjh necessitated 
cleaning of t\ucs and consequent interruptions. The^ latter will 
be dealt with in ^ later part of this chapter, where the flue- 
dust iu specially treated. 

It was soon discovered? that .slagging aiid sintering, so called, 
was in reality a fusion of the FeS resulting from the distillation 
of. half of the sulphur in^FeSj,, that vhe fusion did not occur 
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until after that sulphu*- was driven off, and that it did not 
occur when 'here v'as any amount of Fej0.j present. 

The prcf^lcm immediate.y i evolved kself into a re’gulation of 
the temperature of the roasting-ore between the points where the 
first atom of sulphur had been volatilised, and where sufficient iron 
existed as protoxide to prevent fusion hy its reducing action. 

This i^ accomplished by means of the cooling of tjie central 
sliaft and arms, the amount of which can be varied in each arm, 
thus controlling the temperature of the roasting ore between 
the proper limits. It was found, when water was used as a 
cooling medium, that it was nece.ssary to run through the shaft 
and arms sufficient water to prevent the temperature from 
reaching the boiling-point (otherwise *it will form incrustations 
in the pipes), and this, as was soon found out, did not act as 
a cooling medium of sufficient eia.sticity. One might imagine 
that the slagging of ore could be prevented by cooling the 
entire furnace by means of decreasing the thickness of the 
brick lining of the sKell, but here s^ain the difficulty was 
encountered that with ores of lower sulphur contents the entire 
temperature of the furnace went down too much, and that the 
cinders resulting ran too high in sulphur. 

The inventor finally settled on air as a^cooling medium, 
because it is clastic and the quantity of heat extracted can be 
regulated. * It is seemingly a wi^e selection. Me also found that 
the lower hearth should be operatej,! at as high a temperature as 
possible, for the presence of an exce\-.s of Fe/);^ prevents fusion, 
and the higher temperature wilFoxidise the remaining sulphur jn 
the cinders more completely. In otlier words, instead of heaving, 
as formerly, the maximum temperature in the upper parts of th^ 
furnace, we now have it at the boitom. The construction em- 
ployed to accomplish this appears in Amer. P., 2^nd November 
1910. * , 

The hew furnace consumes about I h.p. in its operation, 
and revolves J^r.p.m. ; it burns roughly about 10 lb. sulphur 
per square foot in twenty-four hours, with a cinder resulting 
which contains in the neighbourhood of 0-9 per cent. S., on 
any pyrite containing, above 34 per cent sulphur, provided of 
course there is no copper, zinc, lime, etc., which will retain the 
sulphur in the form of sulphate. ^ • • 

The repajfs on these furnaces are kislgnifkant. The desigTi 
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is such that the temperatures of the cast-iron shaft and arms 
are maintained at abefut 800'’ — 427'' C., at' which'< point there 
is no condensation of a?id, and the cast iron is at ihe point of 
maximum strength. 

The only repairs which are found necessary are 'for the re 
placement of teeth wliich slowly wear by friction of the ore, 
jnd the -best data obtainec^ gives per annum a co,nsumption 
of 140 lb. cast-iron teeth per roaster. It cannot yet be stated 
how many years the shaft and arm will last before the ordinary 
wear will necessitate their replacement. 

The new Herreshoff furnace is shown in section in Fig. 117. 
It has a cylindrical steel shell placed vertically, lined with red 
brick, and in this shell brick hearths are placed horizontally one 
above the other. Passing down through the centre of these 
hearths is a double vertical hollow shaft. Attached to this shaft 
are one or more arms at each shelf, and replaceable rabbles, or 
teeth, are slipped on these arms. On one shelf they are, placed 
at such an angle that the revolving arms plow and aim the 
roasting ore over in a regular way, making it travel from the 
centre of the hearth outward. From there it is discharged 
through proper openings on to the hearth below, where the 
teeth are placed at a proper angle to turn and plow the ore 
from the outside toward the centre of the furnace, where it again 
drops, as shown in the vertical section. This operation is 
repeated until the ore is fina’ly discharged through an opening 
placed at the outer edge oi^the bottom hearth. 

The life of the ‘central shales and hearths, as well as the 
teeth, is prolonged l)y internal cooling by^means of air, which 
is forced into the bottom of the shaft, as shown in the drawings, 
and then delivered through the central' shaft, from which 
it passes simultaneously at once into all th^ arms. After 
cooling the arms it returfis into* the annular space between 
the inner and outer shaft, and finally escapes at tire top of the 
outer shaft. < •* , 

The air for combustion is admitted over ,the lower hearth 
through ports in the outside shell and passes upward through 
the frirnace in a tounter-current to the roasting ore, escaping 
through the gas putleF 

' Details of Coytstruefion , — The shell is double riveted and its 
thickness is propotlioned to the size oil* the furnace The brick 
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lining is sa arranged that the gases do not penetrate it apd . 
attack the Aell. <A11 seams are vertic^L 



Fig. 117. 


The hearths are oPspecially motilded.arch fire-brick. The 
openings in the hearths for the passage qf the gas and disclinrge 
of ore are carefully worl?ed out to avv)i3 ihcfdust nuisance. 
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, The shaft arms and rabble are made.of close-grq.incd special 
cast iron. ^ The teinperai^urc of the iron in the shaft and arms 
is kept above the condehsing-point of acid to preveric corrosion, 
and at a point where the strength of the metal is greatest. 
Either the bolted type or the bayonet-lock type qf arm can be 
obtained. The pbble's a,re made in sections. 1 here arc five 
sections q,n each arm of from one to five teeth pqr section, 
depending on their position on the arm. The sections can be 
slipped on or off the arms, and any tooth can be taken out of 
the section and replaced without disturbing the remaining 
rabbles. Teeth and rabbles arc made to template and fit per- 
fectly in case of renewals. The shaft is driven from the bottom 

by means of a cast-iron gear and 
pinion, and makes one revolution 
in from 70 to 1 50 seconds, depend- 
ing on the kind of roast. The 
six-hearth furnace, 15 ft. 9J in. 
diameter, requires about i h.p. 
Cast-iron doors, brick-lined to 
prevent corrosion, are fastened by 
two steel latchc.s. The sight holes 
have heavy plugs hung on hinges, 
as shown in l"ig. 1 1 8. 

‘ The new furnace is .so designed that factories operating the 
old furna^jes can have thenij converted to the new type (em- 
bodying the control and regulation features) without changing 
* plt^nt arrangements.' 

Ii\ the fol'lowing table are given dimensions and data for 
spme of the furnaces 



Fig. I i 8. t 



Outside 

diaain-ter 

.N’linilwr 

li»‘aitli. 

Mcarlli 
■ K-a 

WeiKl.t 

metal 

j*arts 

Wci-ht 
si>ccial c 
liio brick. 

I’oijiids Suljihiir 
per 24 liours. 


It 

in. 


r 

Ih 

lb 



Old Furnace • 

1 1 


5 ( 

3H1 

16,000 

16,000 

S'oco 

lo 6,000 

New h urnace . 

II 


7 

548 

25, COO 

32,000 

4i5oo 

,, 12,000 

New Fiji mice . 

IC 

9‘1 

6 

912 

43,000 

79,000 

8,000 

., 21,000 

New Furnace. 

* 20 

0 ^ 

5 

1308 

68, COO 

I32,Cr-0 

12,000 

,, 30,000 

New Furnace . 1 

20 

b 

7 

1810 

82,000 

168,000 

16, coo 

, 42,000 

i 


In the above table the Capacities gi\ien *m pounds of sulphur 
per^twenty-four hours must be used to form a general idea only, 
a.9 the chemical concposhicvi and physifcal character of each ore, 
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together wi^h the kind of roast required (dead, magnetic or 
metallurgical), will have to be determ'ned for each particular 
case before*definite capacities can be eiAiraated, * 

In general it can be assumed that capacities are lowest for 
dead roasting and greatest in metallurgical work. 

Ores containing more than 20 per cent, sulphur can usually 
be roaste(j| without the use of extraneous fuel. The^furnace is 
smarted by heating up with gas, wood or other fuel, after which 
the ore is charged, slowly at first, then more rapidly, until the 
temperature in the furnace reaches the desired point. From 
this point the new furnace affords a remarkable regulation 
which, while preventing slagging, produces uniform results both 
in the strength of gas and the sulphur contents in cinder. 

There were in 1911 over 1750 of various sizes of the 
Herreshoff furnace (1400 of these in Europe) in practical and 
economical operation in the following fields : — 

1. Roasting pyrites for manufacture of sulphuric acid. 

2. Roasting pyrite.s for manufactuif: of sulphile pulp. 

3. Roasting pyrrhotite. 

4. Roasting of mixed sulphides for magnetic separation. 

^ 5. Preliminary roasting of simple or complex sulphides for 
metallurgical work. , 

In roaJiting ores where extraneous fuel is required, such as 
zinc blei/de, ores for chlorination, or in the decomposition oi^^ 
tclluride, a fire box can be added, ' , 

The furnace will be economical under such conditions, where 
the hot air from the central sh^ftcan be used for the combustion 
of coal, oil, or gas ..ncl the consuiiqTion of^uel rccTuced. ^ 

'Phese furnaces give no trouble whatever with granular ores, 
but with dusty ores, especially when used for lead chambers, 
they recpiire one and a half as much du.st-chamber space as 
hand-worked dust-burners* (jr the c.nployment of a special dust- 
separator (sec later on). In ihcca.se of contact proces.ses and 
for sulphite pijp, wherr^ the gases have to be washed, they can 
be applic*d without reserve. * • 

Hartmann and Benkcr {Z.angew, Chew.; 1906, pp. 1125 et 
* seq., and 1188 ct, seq^ discuss at length the furnaces of i^errcs- 
hoff, of O’Brien (p. 4<^7)» and of KauT-nann (p. 493), and the 
dust-chambers to be connected with them. ^ » 

Up to the end of ^ii the MetaHurgische Gesellhchafl* at 
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pTankfort had sold in Europe 1403 H^rreshoff fujinaces of the 
older type. Accordinguto Chem. Ind.^ ipiijpp. 561, there had 
been sold' up to 31st ‘‘March of end-furnaci^es : 357 in 

Germany, 102 in Great Britain, 116 in Austria-Hungary, 21 in 
Belgium, to in Denmark, 17 in Spain, 10 in the Balkan States, 
147 in France, 3 in Holland, 237 in Italy, 15 in l^ortugal, 70 in 
Russia, 1,03 Scandinavia, 2 in Switzerland, in the 
United States ^ 


Other Mechanical Dust-burners. 

Farmer and Hardwick’s mechanical pyrites-burner (1878) 
resembles to some extent Jones and Walsh’s mechanical 
salt-cake furnace (see oiir'Vol IL, edition of 1909, p. 192). It 
is automatically charged and emptied; tons of pyrites are 
said to be burnt off in from seven to nine hours. None of 
these furnaces seem to be in practical operation. 

The mechanical pyrites-burner of B. Spence (patented in 
England, 24th December 1878; in Germany, No. 9267; in 
America, No. 248521) is a shelf-burner provided with mechanical 
stirring arrangement. As this furnace .seems to be constructed 
. on rational principles, and as it has met with practical success 
in America, we giye a description of it. 

Fig. 119 shows an exterior .side view; hb’g. I20 a plan; 

’ Fig. 121 a cross-.section of one-half of a double furnace, the 
other half being shown in oupside view ; Fig. 122 a longitudinal 
section of the furnace-beds and Figs. 123, 124, and 125 views 
‘of J.he stirring and raking in.struiucnt.s. The construction of the 
furnace-beds is bc.st'secn fr(»)m l‘'ig. 122. Ik this there arc at 1 
the walls of the furnace, in which are fixed ])rojccting fire-clay 
slabs, 2. Upon the.se are placed tiles, 3, reaching from one side 
of the furnace t^o the other, a number of these romposing the 
length of each furnace-bed: In Ifigs. 12 1 and 122 the several 
beds are shown at 3, 2^7, 3/;, 3^; alternate openings 'in these 
beds being .shown at 4, 5',' 6, 7. The .pulverulent, material is 
thrown at H on' to the floor 3 ; advancing rakq^s or ploughs stir 
it and carry forward a portion of it through the opening 4 on to 
the sq(!:ond bed ^a? The teeth of the rakes are shaped with a 
triangular .section^ as shQwr. in Fig. I25,»the apex of the triangle 
beings in the direction of the motion of each rake longitudinally 
frc 7 m end to end of <ihe furnace, the flat sides of the .teeth of the 



Fig*. 1 1 9. 



Fig. 120. 




‘23. Fig. 124. Fig. 125. 


in the direction of the poiirtcd part of tt'e veeth of the rake, the 
ore^vyill be only fumed over; but when the rake is moving in 
an opposite direction,. a ^certain quantity of the ore will be 

r 


BURNERS FOR PYRITES-SMALLS 


49f 


carried by tjie flat side of the teeth along the floor of the 

furnace. Thus the ground material, delivered to the 'floor 3 at 

the point H, is stirred a:',d subsequently partiaHy carried 

forward till it is delivered through opening 4 on to the second 

l^ed, where the same operations take place, the material now 

passing down 'the opening 5 on to the bed 3/;, and so through 

all the beds, until it is at last discharged through the opening 

7jntothe receptacle 8. Since the openings in the successive 

beds are on alternate ends of the furnace, the stirring and 

conveying instruments must be reversed, as regards their faces, 

in succeeding beds. The teeth of the rakes are mounted in 

angle-iron bars, ii, provided with rollers, ii *, which run upon 

rails, 12, carried by the projecting siql^b^^rts, 2. To each of these 

angle-bars are connected rods, 13, attached at their other ends 

to a frj^e or carriage, 14, provided with wheels, 15, which run 

upon rams, 16, on the floor, the said rods being supported and 

guided by grooved pulleys, 17. On the carriage, 14, are fixed 

toothed cacks, 18, situated outside the ftirnacc, and supported at 

their outward ends by rollers, 19, and in gear with these rods 

are pinions, 20, on a shaft, 21, driven by motive power. Motion 

being communicated to the shaft, 21, the pinidns, 20, cause the 

racks, 18, to traverse the frame, 14, which, as stated, travels on 

the rails, 16, and thus the rods, 13, are caused to traverse the 

rakes or i;onveycrs along the several beds of the furnace.* 

According to the positions shown in the drawings, the carriage, 

14, is in its outward, or nearly out vvard, position, and the flat 

ends of the instruments will have delivered a certain amount of 
* • 
material through the opening 4 on to tl^ bed the same 

operation having taken place with regard to the opening 6 and ‘ 

bed 3^. The carriage now running inward, the sharp points of 

the ploughs wiU simply stir the material on the beds 3, 3Z', while 

the blunt ends on the floor*3^r will deliver a certain quantity of 

material tlKough the opening 5 on to the bed 3/;, and at the 

same time the instruments on the floor y will pass an amount 

of completely calcined material into the recept^icle 8, to be 

removed at pleasure. The feeding of the Tumace takes place 

in the following manner : — At F is a channel leading to ihe top 

floor, 3, and above this channel is a hopper, 20, into which the 

ground material is from time to time fed. The bottom afj;his 

hopper is provided witH^a sliding plate, 2(% having a ledge •at 
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its inner end, as seen in Fig. 122. This plate is ccnnected with 
rods, 22, swung upon.arms, 23, and each hc?ving two stops, 24, 
25. According to the position th(Lwn, the material rests upon 
the ledge of the plate, 26, which, when the carriage runs in, is 
pushed forward by its arrival in contact with the stops, 24, and 
this aefion delivers a* certain amount of material through the 
channel F. Oh the return motion of the carriage the stops 25^ 
'shift the plate 26 back, and so on. Instead of plate 26, th^re 
may be a winged bottom to the hopper. The furnace may be 
single or double, the latter (which is shown in the drawings) 
being preferred. The shaft, 21, is connected by means of suit- 
able gearing to any source of motive power, so that it may be 
rotated first in one direction and then in another, and thereby 
traverse the rakes alternately from one end of the furnace to 
the other. The rakes may move continuously ; but it is 
preferable that they should remain stationary periodically in 
the position shown in the (’irawings, as they are then clear of 
the ore and out of the direct action of the heat, thcreb)'' suffering 
less injury from corrosion. 

A number of these furnaces have been j)ut up by the 
Sulphur Mines 'Co. of Virginia, at Baltimore. According to 
a communication^made to me by the President, Mr Crenshaw, 
three doubfe furnaces were connected with a set of chambers* of 
180,000 cub. ft. caj)acity, with (jlo\cr and (jay-I u'fsac towers, 
and two other furnaces with^a set of 126,000 cub. ft. The five 
furnaces were to burn 14 <N3ns of 47/48 per cent, pyfttes each 
twenty-four hours, down to Iess 4 han 2 per cent, of sulphur in 
the cinders. 

It is mentioned as a drawback of Spence’s furnaces that *at 
the back end a c(jIIection of dust takes place, by which the rakes 
arc prevented from doing their work j)roper]y. l^artsch, of 
Bridgeport Jalwcshcr., ,1886, p. 256), consequently 

applies to the furnace ends a separate set of broUd plates, 
moved by a second moving-frame, in such a w?^^ that the dust 
is cleared ou^ Automatically every time the principal frame is 
made to work. 

stated in anj^erv. Chem., 1894, p., 134, I have met with 
several Spence furnace."> af work in Amcri(!fa, but the opinions as 
to their advantages were divided. A modification of this furnace 
has been patented <'n Afnerica by A. Johnson, of Baltimore, 
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where the ri^oving partes are protected from heat (Amer. P. 
642334). 

Luty in *Z, angeiv, Chevh^ ^ 9 ^ 5 , p. i #55, quotes results from 
actual practice, according to which, under European conditions, 
mechanical burners work less economically than hand- worked 
burners; but he thinks that with higher v\^ages the costniay be 
the same, ^nd then mechanical furnaces have the ac^lvantages 
of»requiring fewer men and being less dependent upon them. 

E. W. Kauffmann {ibid,, p. 1628) contradicts these con- 
clusions, and maintains that mechanical pyrites roasting with 
modern furnaces, quite apart from the better result, is con- 
siderably cheaper than roasting by hand-work. At all events 
he claims this for his furnaces, which \vere for some time built 
by the Humboldt Engineering Works at Cologne, and arc 
therefore sometimes erroneously called “Humboldt burneis.” 
His Ger. P. 161200 of 1903 describes a mechanical stirrer, 
with a hollow shaft, with a cooling agent llowing through it, 
providcc^ with perforations for putting in the stirring-blades. 
These blades are of a special shape which allo\v^s the cooling 
agent to pass through them as well. Fig. 126 shows this 
arrangement in vertical, and Eig. 127 in horizontal section. 

I is the hollow shaft, which for each of tjie shelves of the 
furnace is^ provided with a rectangular chained, 2, of such a 
height that the hollow stirring-blade, 3, with its teeth, 4, can be^' 
put through ; the width of the fhannel corresponejs to the ^ 
thickness of ^hc blades. When in use, the arm, 3, rests in its 
central part upon thq bottom plane, 5, of channel, 2, and^ is 
secured against shifting bv the lugs, 6, •A perforation,^ 7, is 
provided in the bottom j)lane, 5, of the channel, and a perforation, * 
8, in the plane of the blade resting upon it, so that the 
cooling agent, introduced under pn'ssurc, also jjenctrates into 
the hollow blades and gets o*it through the openings, 9, into the 
furnace. In this way also those parts of the blades which are 
at some c^Sstante from the cooling places, e.g, the teeth, 4, are 
protected against damage by heating. The Kauffmann furnaces 
are claimed to be mechanically far superior to the Herreshoff 
furnaces ; they art built by the Erzrdst-Gt^sellschaft in Cdjogne. 
The cooling agent is c(^d air, which is blown in by a fan-blast 
into the hollow footsteps of the shaft, in such quantity that it 
protects thi4 blades against overheatfng, without interfering 
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with the roasting-process. Each furn^ice roasts to 3 tons 
of 50 per cent, pyrites pi twenty-seven hour's, down to i or 2 
per cent.;' ‘■A^ith an e>fp(i>nditure of <only I h.p., and' requires no 
manual labour except for carting the ore and taking away 
again the cinders. A set of five such furnaces cv)sts about 
^2500, 'including the ’steam engine, shafting, tubing, and dust- 


PiG. 126. 



• Fig. 127^ ' 


chamber, and the cost of erection. There is /)nly one man 
required for jocking after it and greasing the moving parts. 
The repairs arc amply covered by ;^‘50 per annum. 

The other patents of Kauffmann arc: Ger. Ps. 161624;" 
16391!^; 165270; 18631*1; C186315 ; 205715 ; 227621. 

T^ie Erzrostg'eselischaft (Austr. P. 51096) states that the 
amount of work doqp byvthese furnaces^can be largely increased 
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by frequently turning over the ore, and gradually moving it 
forward in a radia’ direction. For tlvs ‘purpose the teeth of 
the stirring-'^arms stand altcnidtely in opposite directions, so 
that the ore, moved forward by one-half of the arm, is brought 
back through part of the way already made. 

Reusch Zcit., 1912, p. 213) states that in the begin- 

ning of 19^2 about 600 such furnaces were working in, Europe, 
Arjierica, and Australia. ^ 

Hartmann and Benker (Z. angciv. CJicui.^ 1906, p. 1188) 
assert that the asbestos screens in the Kauffrnann burners are 
destroyed after a short time. 

The Penn.sylvania Salt Manufacturing Co. at Philadelphia 
(for P^urope the Metallurgische Ge*sellschaft in PVankfort) 
has introduced the mechanical pyrites-burner of Utley Wedge 
(patented in all countries; in LTniled States as 648183 ; 649183 ; 
^354335; 777577; ^^ 4 ^ 73 ^>; 976525), of which Fig. 128 gives a 
section, showing the salient features. The principal of this is the 
hollow rwolving shaft 4*ft. inside diamertir, to which the stirring- 
blades or arms are attached, and which is easily acce-^sible for 
men from the inside. The two opposite arms are secured by 
bolting them together in the hollow centre, and are thus not 
exposed to the flame ; they are rendered durable by cooling 
them by means (jf a current of air, produced by a fan, the only 
c.scape for* the air being through the arms and thence out • 
through [)ipes in the interior of Jthc vertical shaft.. This is < 
made of ^ in. steel, protected from the flame by an exterior 
covering of bricks supported (fn cast-iron fing.s. A cast-irQn 
lute, filled with bvft asbestos, makes a ^ight joint witjiout 
necessitating any machine work on the furnace arm.s. A 
diaphragm in the centre of each arm forms a passage-way for 
the air (or wate’*) along the bottom and back alpng the top of 
the arms so that this is effect^ely cooled. The entrance of the 
cooling-aif takes place at the bottom, confined by a hood and 
lute. The hot aiir, having pa.ssed through the arms, is collected 
by another, hood ^ and allowed to escape into tRe •atmosphere. 
The rabble teeth, which are the only parts ‘exposed to the 
burner gases without .cooling, arc readily renioved by reac^fiing 
in from the exterior o^ the lurnacft, Vvithout stopping the 
furnace. A furnace of 20 ft. ^iametcr roasts 12 tons, of pyrites 
in twenty-seyen hours ^id requires, h.^. driving powet. 
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There are six feeding-spouts in the top arches whi^h divide the 
material evenly. The , -material descends in the furnace, first 

TO STACK 



Fig. 128. 

outward and then inward, »on alternate, floors, and is met by the 
ascending air. ^i'he* drop holes connecting these floors can be 
cleaned by mean« of* ppke holes ftirough the shell of the 
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furnace. TBe outer shell of this is one J-in. steel. These 
furnaces arc in full ^vork at some of the leading American and 
European factories. ' • • 

Improvements in details of these furnaces are protected by 
Ger. P. 243325. 

For very large works the Wedge furnaces are specially 
adapted, vvinlst for smaller factories the Metallurgischi; Gcscll- 
scljaft still sells many Herreshoff furnaces p. 484). At 

Philadelphia 6 such big furnaces arc attached to lead chambers 
of a capacity of 1,000,000 cub. ft. ; the)’ roast together 100 tons 
ore in twenty-seven hours (Quincke, Z. anj^ezv. L hcni.^ * 910 , 
p. 1922). ^ 

According to Ilasenclever (/. Soc, Chou. Ind.^ 1911, p. *291) 
there were, in Germany, Wedge furnaces working satisfactorily 
in five chemical works and another 15 furnaces in course of 
construction. The largest type of them gets through about 
20 tons of pyrites in twenty-seven hours each, that is six or 
seven tifnes as much as the llerre^lToff furnace, and their 
design is more compact and simple than that of the laUer ; but 
there seems to be no particular economy in cost of construction 
or working-expenses. The main feature of the Wedge furnace 
is that it permits of repairs being made wit^iout interrupting 
the working. 

From private information 1 can add that in the beginning • 
of 1912, 25 Wedge furnaces had bten sold in hau'opij by the 
Metallurgische Gesellschaft, the smallest si/e burning 12 tons, 
the largest 20 tons 48 per cent. •[pyrites in twenty-seven hours.. 

The O’Brien fufnaccs, built by the American Col^ 

Gas Construction Co., very much resembles the Hcrre.shoff 
furnace (p. 484). In this furnace the arms are put in and 
taken out horizrntally and without raising. It [s claimed that 
it requires less power than an^^ other furnace of similar capacity, 
and is equally efficient for “fines” and for “granular ore”; 
the feed can he exactly regulated and the depth of the ore can 
be maintained di/ferently on the different ^shclvec, a shallow 
bpd being used where the combustion is most active, and a 
deeper bed where the sulphur is partially ’ burnt out. '*The 
central shaft is hollow, ®and no staeft i.s requhed to create a 
draught through it ; it can be easily witjidrawn an^ replaced 
in a short tijne. The clriving-mechanrsm ft placed near tlTe 
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circumference of the furnace, where it can be easily reached for 
oiling and repairing. “ •* i 

Wintefer {Chem. Zei*., 1906, p. 4 »j 7) discusses several burners 
for pyrites smalls, without any original work in that direction. 

Simons (Ger. P. 166569) describes a mechanical ourner for 
pyrites smalls, in whicfn shaking- rods are placed* on the grate- 
bars which alternately cover and uncover the spaces between 
the fixed grate-bars. , 

Howard (B. P. 21762 of 1905) utilises the waste heat of 
mechanical desulphurising furnaces for drying the incoming 
material on the top arch, with mechanical stirring, and thence 
feeding it into the interior of the furnace. 

Lcgge (H. P. 21160 of 1905) describes furnaces containing 
two or more superposed series of roasting-chambers, with 
horizontal or slightly inclined hearths ; rubble shafts with arms 
passing through them convey* the ore through all the chambers 
of a series, and means arc provided for discharging the ore. 

The Maschinenbau-^\nstalt Humbordt at Kalk (Ik ‘P. 27061 
of 1906) forms each stirring-arm as a two-armed lever, and 
supports it on the shaft in such manner that it can be easily 
disengaged. 

Timm ((ler. P^ 195670) patents a mechanical muffie-furnace, 
without mechanical stirrers. 

Greenaway (Ger. P. 182409) describes a mechanical pyrites- 
burner, consisting of a long liearth, with a stirring carriage over 
it, the hearth being formed^by a porous layer of ore, divided by 
intermediate walls into several cTompartnients, corresponding to 
the varying ’quantifies of atr required for 1»Iie successive sta^^es 
pf the roasting-process. Each compartment possesses an open- 
ing leading to a vault in front, by which air is introduced and 
from which the^ porous layer may be renewed. » 

Merton (Ger. P. 185003) deifcribes a special method of 
cooling the hollow shafts of me^ianical roasters. 

A mechanical dust-burner, with si:rapcrs (travelling back- 
wards and foAvards, has been constructed llegeler 
hid., 1905, p. 246), and is employed in a few factories, both fof 
lead /chambers and /or the Schroeder-Grillo contact process. 
Here the stirrers are 5 lvvAys conveyed* to one side, are turned 
roiwKi thej^e and conveyed to the other side again. The ore 
is^dropped graduaHy frbm one shelf t^ the other oqce per hour. 
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irnace (described by/ Hartmann and IJenker in 
Z, angciv, Chetn., 1906, p. 1194; Ger. P. *185809) consists of a 
horizontal wVought-iron cylinder, lined \fith bricks, with screw- 
shaped grooves for turning over the material, and shifting it 
gradually to one end of the cylinder, where it is dischar^^d. 

The Eisenwerk Laufach (Ger. P. ’85673) effects the pre- 
heating and mixing of pyrites-smalls, previously to roesting it. 
ine slightly-inclined revolving tube, provide^! inside with screw- 
shaped scrapers. The pyrites passes in at one end, the pre- 
heated dry air at the other. This pre-heating is effected by 
previously passing the air through the hollow shaft in the 
centre. 

Warren (B. P. 17457 of 1905 ; Amer. P. 864816) divides a 
rotary kiln into compartments by a hollow lateral partition, 
communicating with the air at diametrically opposite points. 
The hollow space diverges at opposite ends, where it communi- 
cates w'th the air. The other portion of the kiln forms a 
common *chamber, the flame from whiclT parses simultaneously 
into the compartments of the fir.^t portion. 

Pfaul ((jor. P. 177963) feeds the burners ii^ a regular way, 
especially in the case of employing pyiites-smalls of various 
degrees of moisture, by means of a hopper,# provided with a 
central shaft, with an arrangement for brushing the sides of the 
hopper, an3 a feeding .screw at the bottom, which at every * 
revolution takes out the same quantity of ore. • 

Kuhrke*( 5 er. P. 159613) roasts the ore in a horizontal ^ 
revolving drum, pre vided with three superposed screw channeks, 
through which the •ore passes gtadually fr-^m the (centrally 
arrayed) inlet to the outlet at the bottom. • 

Falding (B. P. 69*31 of 1905) provides for the stirring-arms 
means of being readily removed without rcmoviiTg the central 
shaft ; both this and the arms^rc* provided with an arrangement 
for cooling by air. 

Wocke,(Cer? P. 210657) employs a furnace with screw- 
shaped becks, each of them provided with ^^ntrante and exit 
pipes, on which stirrers move the orb on in a suitable manner. 

Schlippenbach (Ger. P. 225421 ; B. P. 28755 
P. 415920) describes arrangements* for jeoiiducting roaster 
gases of different compos^ion to different ^^as-chambdrs. in siTch 
manner that (*ach gas-chamber received a coiftinuous current of 
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gases of similar composition. He employs an anliular roaster, 
turning on a vertical ax#*s, the space below which is divided into 
several cotnpartment.s, each of them provided with outlet pipes. 

Daniel and Rumer (Ger. P. 208354) describe a roaster 
consisting of revolving drums superposed over oite another, 
through which the or(!f is automatically propcllecf. 

Collet and Kckardt (Norw P. 20273) bring tfie air, the 
burner gases, and the pyrites into contact in such a way tl?at 
the burner gases containing most SO.., with excess of air or 
oxygen, pass through the most highly roasted ore, in order to 
obtain a mixture of but little SO^ with the greatest possible 
quantity of SO.j. 

Zelewski (Ger. P. 195724 and Ger. P. appl. Z5379) describes 
a modification of the llerreshoff mechanical roaster (p. 484) in 
which the stirrers of the bottom compartment are placed in a 
special socket, surrounding tne perpendicular shaft, so that a 
certain portion of the ore can be completel)' roasted off, while 
another poition lies stiH. » 

J. L. Taflo (Amer. P. 891 1 16; (jer. P. 207760) equalises the 
SOo contents of pyrites-kiln gases, to obtain a product with 6 
per cent. S().^ and about 816" (' , by passing them through an 
iron-cased brick, dust chamber and then through a simijar 
chamber, packed with bricks, which is large enough to contain 
the gases for some time and to equalise the variations of 
composiUon, and temperature. Ik'tween these two chambers 
air can be introduced by iheans of a regulating-yaK’e, and the 
gases containing too little SO^ rmd too much O can be enriched 
in SO.^ by passing them to’ a layer of hot^ pyrites, where more 
is generated, 

St Bcuve and E. Marconnet (Fr. P. ’390323) blow finely 
ground pyritej^.by a current of air continuous!}’ into a combus- 
tion-chamber, provided wifh an eyit opening for the SOj,, and a 
discharge opening for the removal of the residue. The pyrites, 
which may be mixed with substances for accelerating the 
combustion, «■ or fu.ses, is delivered by a scre>v-convcyer into a 
chamber, and talven out by a fan, delivering it into the combug- 
tionichamber by 5 tangential pipe. 

Olga Niedep/ul\r '(Ger. Ps. 239702 and 239703) provides 
rncichanica-! roasting- fprnaces in their jiottest parts with cooling- 
channels; cold roksting-gases are conveyed through the shaft 



FROM ZlNC-BLEi^DE 50i 

and the stirring- arms, pasily and^badly roasting ores can be 
v/orked in the sam^; furnace, by puttiii^ -them alternately into 
successive r©asting-compartne::ts. * . ‘ •* 

Special contrivances for charging the ore into the furnace 
ip a regular way arc described by the Mctallbank and Metal- 
lurgische Gesellschaft (Ger. P. appl. M42726) and ty the 
Maschinenbauanstalt Humboldt (M43 1 70). ^ ^ 

^ The Svovlsyrc and Superphosphat-Fabrik, Copenhagen 
(B. P. 28703 of 19 1 1), describe a mechanical pyrites-roaster, pro- 
vided with complete water-cooling of the shaft and all the 
stirring-arms, worked by a water-tank at the top, into which 
the exit-water pipes from the shaft and the arms are conducted 
back. 

Other modifications arc patented by Scherffenberg and 
Prager (Ger. Ps. 329759 and 332056) ; Lntgens (Ger. P. 358443) ; 
Hommel (Fr. P. 384350); Akttengesellschaft fur Bergbau, Blei- 
und Zinkfabrikation (Ger. P.20237/); Merton (Ger. P. 185506); 
Bracq-Laurent (Ger. P. appl. H52846); Gninewald and Welsch 
(Ger. P. 232044); Bragg and Moritz (Ger. P. appl. B52486); 
Parent (Fr. P. 424269) ; de Spirlet (Ger. P. 236089) ; Scherfen- 
berg (Ger. Ps. 236090 and 237215); Hubner (Ger. P. 236669); 
Havris (B. P. 23331 of 1910); Renwick (Amcr. P. 981880); 
Hardingham (B. P. 19314 

C. Sui.riiUR Dioxidk vkotn Zinc-Bleniv: A<<n 

, OTHICK SUI.I’llllMiS. 

. • . 

Zinc-blcncle is nt^w the most important ef all zilic-orcs, and 

must be always converted into zinc oxide by a thorough 
roasting. This is nothing like so easy as with pyrites, since, 
on the one hancl, blende contains at best only about 33 per cent., 
sometimes down to 18 per’e^ent., of .sulphur, aiicl, on the other 
hand, it is'm^ich more difficult tfl burn out than iron or copper 
pyrites, zinc sulphate being formed, which is very difficult to 
decompose! As the manufacture of zinc requircs»tl^at nearly all 
the sulphur*shoul(1 be driven off, and as the'burners employed 
for pyrites are u.seleijs in the case of blende, the lattet was 
formerly roasted in reverberatory furraces, all the sulphur 
dioxide passing away with the furnace-gasCs. This wtrpld 
probably be done even V>w, if the jlacTaes produced by tke 
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acid smoke had not cau.^cd the s^^nitary authorities, both 
in England and on ,,the Continent, to« impose upon the 
manufacttirers the dut// of doiitg^their best to condense the 
acids contained in the smoke, the damage caused by which has 
been described, supra, pp. 269 et seq. *• 

The development* of the processes for abolfshing the acid- 
smoke iiuisance and utilising the sulphur in connection with’ 
*the roasting of blende, at least in one of the most industjcial 
parts of Germany, has been described at length by Robert 
Hasenclevcr (Z. Vercin. dcutsch. Ingen., 1886, p. 83; Fischer's 
jahresber., 1886, p. 257), of whose paper we give a short abstract. 
Before 1885 all the blende consumed at the large Stolberg zinc- 
works was roasted in ordinary open furnaces by a direct 
coal-fire, the gases from which contained only about 0-75 per 
cent. SO., by volume and escaped into the atmosphere. In 
1855 the Rhenania Chemical Works at Stolberg erected a 
furnace, intended to utilis'e the larger portion of the SOg. 
This furnace, the invention of F'ricdrich Hasenclcver, was 
the first by which the gases from roasting blende could be 
utilised for the manufacture of sulphuric acid. It consisted 
of a long muffle-furnace, in which the ore was shifted along 
the hearth frorn back to front by manual labour. Thus half 
the sulphur could be utilised for the manufacture of sulphuric 
acid, but with great waste of nitre. Godin im^'proved this 
furnace ,by^ placing a scrip's of muffles on the top, which the 
ore had to pass gradatiin ; but this apparatus was' given up 
again for the Gerstenhofer furnace {supra, p. 463). By this 
comparatively rick gases- were obtained, but the immense 
j:juantity of Hue-dust was very troublesome, and it proved loo 
difficult to combine this furnace with another for finishing the 
roasting. After this several arrangements, were tried by 
Hascnclever and Helbig, but the^p showed various drawbacks ; 
and this led in 1874 to the construction of a new furtiace, which 
has been fully described* and illustrated in tb?i first edition of 
this work, cpl3. 201-204; we describe it only briefly here 
(Fig. 129). It 'consisted of a reverberatory furnace,^, on the 
top ^f which was ’placed a muffle, c, reaching all over its length. 
The bottom of this miiffit, forming tha t6p of the reverberatory 
furnace, was heated directly ; the flame of the furnace passing 
over the roof of the muffle heated this as well, and then passed 
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under an ini:lined plane^at an angle of 43”, at the top of which, 
.at the fresh (gowdered) blciroe waji fed in. The ore, on 
sliding down this plane ([partitions, preventing- its transit 
from becoming too rapid), underwent a i)reliminary heating by 
.the hot guscs passing underneath ; this heating was continued 
in the mufde'V c, where air was admitted and as muc!h of the 



Fig. I2Q. 

c 


ore was pushed down into, the fiynace A--, "here it was burned 
completely by the fire from «he gas-|)roduccr -<•. The sulphur 
dioxide forni/ecl here, is certainly ‘lost, and it constituted no 
inconsicferable portion (generally more than ^ne-third) of the 
whole ■ but tha't formed in the muffle aiid-on. the inclined plane 
* is strong enough to, be carried into lead climbers and cj-n verted, 
into sulphuric acid.’cettainly at no grejt profit, if any. * 

A large number of Hasenclevcr furtia<;t?s were erected on 
the Rhine and in Sile^, but they .wijrt found toVitilisc o^i an 
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average only 6o per cent, of the sulphur as sulphuril acid. The 
remaining' 40 per cen^ SOgV^eing mixed with the fire-gases, 
still escaped into the atmosphejje.^and were blamad for even 
more damage than they actually caused, the part played by 
the numerous zinc-works, glass-works, etc., being 'generally 
overlooked by the pubj/c (cf. p 113). We shall Veturn to this 
subject in the scv^enth section of this chapter. 

1- All these furnaces have become obsolete by the construction 
of blende-roasting furnaces, 'ivhicJi pcr 7 nit of ntilisuig the whole of 
the sulphur of the ore in vitriol-chambers^ and thus do away with 
the extremely troublesome processes for absorbing SO^, from 
fire-gases. All these modern furnaces have one principle in 
comm(ai : they combine the heat produced by the burning of 
the blende sulphur with heat applied externally, but in such 
manner that the fire-gases are kept entirely separate from the 
roasting-gases. It has been found that this indirect heat suffices 
for completely roasting the bbnde. 

The furnaces which |irst realised the principle of utilising 
all the sulphur of the blende in vitriol-making, by completing 
the roasting by means of indirect fire, were invented by 
Max Liebig, who had the idea of constructing a sort of shelf- 
burner witli shelves partially hollow and heated by indirect 
fire. His invention (Ger. P. 21032 of Kichhorn and Tj’ebig) 
is described and illustrated (from the patent spccifi-cation) in 
our second edition, pp. 273-275. Cf also Kichhorn’s report in 
Fischers jahiesher.^ 18S9, p.^332. ’ 

, We omit the description of the original .style of these 
furnaces in favour of a modification known as “ Rhcnania 
furnaces,” because they were constructed at the Rhcnanik 
C'hcmical Works at Stolberg (managed by R Hasenclever). 
These are now widely u.sed, not merely for blende, but also 
for other poor Stilphur-ores ,in the .state of smalls or even of 
“peas” (pieces up to -j-in. diaJ^ncter), atid for metullurgical 
products (matte) of the same kind. 

The Rhenania furnace is shown in kh'gs. 130-133, in a 
shape in whicfi it .has been used for several years, and which 
embodies the .same^ principle as the furnaces actually at work* 
at pre.^ent, which rnere*!)^ differ from the above in details, to be 
mentioned below.' Thc.se furnaces require two men per shift, 
and^ roast aGout 4 tom. ^blende per t\^ jnty-four»hours, with a 
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consumption of i6 cwt. of coal. The temperature of the top . 
muffle is 580’ to ,|)90 , that of Ihe following muffles 750'’ to 
900\ Tht# progress of rqas^ing is .^hown by tht* following 
percentages of sulphur ; — 

. Raw ore .... 19-2 26-H 26-5 

End of first niafde . . . 17-6 .9-1 1021-9 to 21-4 

„ second „ . . . 12-0 11-2 ,, i4-3 9-9 „ 12-4 

„ tlflrd „ . . . 3*4 1-02 „ 1-48 d.75 n 1-^6 

• „ roastin^^ . . . o-6 0-35 „ 1-02 ~ 

In the case of richer ores the second muffle does not require 

heating; the fire-gases may be conducted below the third 
muffle without a partition, and then at once over the secon 1 
roasting- bed. * 

jahne {Z. (rnoau. Chcin ^ 1894, p. 305) describes some 
experiments made with these furnaces. They arc greatly 
improved by arranging a partition cutting vertically through 
all three muffles and thus dividing the furnace into two parts, 
without any change h\ the firing. This admits ('f roasting 
30 per cent, more ore down I0 the same })ercentagc of sulphur 
and saves labour. It is best to build two furnaces back to 
back. On the top beds the ore is spread layers twice as, 
thick as on the bottom beds, leaving small gaps between the 
charges, to prevent their getting mixed. It takes three or 
four days' before a batch charged it the toj) is discharged 'M. 
the bottom. The raking over aii^l moving 'on of the batches^ 
following; upon the di.scharging of finished batefi, requires four 
hours. The* most careful wr^'k must be d^estowiai upon th^ 
finishing of the batches in the hottest pki^e ; this'lasts at best 
one and a half hours, usually ihiee to four hours, sometimes 
seven to eight hour.s. Tests arc made by adding hydrochloric 
acid to a sample, and looking for aii)- evolution of II.)S. The 
sulphur can be brought dtnjm to cy 1 or 0-2 pet cent. ; it ought 
never tc 5 cTcceed i per cent., except in the case of blende 
containing Hn;^estone, which may retain 2 or 3 per cent. S 
in the sliape of calcium sulphate. In regulai* \^ork a charge 
of 9 to 12 cwt!' roasted ore is drawn evfiy six hour.s. One 
hundred parts of raw blende average 85 of roa ted ore, and tequirp^ 
25 or 26 parts of gc^odocoal. The furtiaccs arc providecHl^i 
large dust-chamhi^, which must be ckxvncd few •i^icks 

The dust consists mainly of zinc sulyhate a®d calcium sulphate. 
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Lead oxide is carried farthest, even tj;iroug[h the ten cylinders 
of a Hargreaves’ plant c^nndjted with the (urnace at Stolberg, 
right into, the earthenware recfiv/^r^ of the acid^condensing 
plant. If the blende contains mercury, that metal is found in 
the mud of the vitriol-chambers connected with blende-furnaces, 
and cad be recovered from it by distillation. ^ 

In Chem. Ihd., 1899, p. 25, Hasenclever gives some more 
details respecting the Rhenania blende-furnaces, which n9w 
roast 47CX) kg. blende in twenty-four hours with two men per 
shift. Only for poor ores the fire plays round all the muffles ; 
generally the ore is roasted in three superposed muffles and the 
fire plays only round the top and bottom muffle. Two furnaces 
are built back to back.’ In order to avoid annoyance^ to 
the men, there is a space of 25 ft. between two opposite 
furnaces. Six furnaces are connected with one set of chambers, 
their flues being built closely together, to keep the heat, until 
they unite just in front of th^ Glover tower. 

At Oker (1902) all •“fines” of the ores used there passed 
through a 7 mm. sieve are roasted in Rhenania blende- 
furnaces. Each furnace roasts from 3-55 up to 5 tons ordinary 
ores or matte, alcording to whether the roasting is driven to 
3 or to 7 per cent. S in the residue; and from 3 to 4-5 tons 
regulus, according to whether 2 or 6 per cent. S is left in the 
.residue. ^ 

At Freiberg the Rhcnaiv’a furnace is used (1902) for pyrites 
smalls and ‘^peas” down ♦to 5 mm. size (] in.) fol" blende, 
•recently also for matte and spei.ss, containing about 20 per cent. 
S, 25 per cent. Cu, a.nd 20 per cent. lead. ,For ores containing 
rather more sulphur the furnaces are provided with three mufftes 
cfirectly superposed. The flre-fluc passes underneath the hearth 
of the bottom muffle, rises ilp at the end of thi*^ and along the 
ends of the second and the top 'muffle, and returns along 
the roofing-arch of the latter, that the fire-gasps •heat only 
the bottom of the lowesf and the top of the* hi^ghest muffle. 
For poorer ^res the furnaces have only two muffles, the fire- 
gases passing both* under their top and over their bottom and 
betwet'n both muffle^. With such furnaces, whether containing 
tv. .or three muffles, the. sulphur in Jhe^ cinders from pyrites 
is ^rp u*ght* down to 2 per c'lJ’nt., from pyrites 
“ peas ” to ^ per c<|nt.* frojn blende t«P i per cent., from matte 
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and speiss to 5 per cent. Each furnace takes 3J to 4 tons ore 

per twenty-four nours, with a consumption of about 12 cwt. 
lignite and 6 cwt. coal ; the v'ork is done by two nr|,en per shift 
of twelve hours. * * 

At otolberg, in 1902, each furnace turned out 8 tons of 
roasted blende per day, with four mer per shift, twd on each 
side, and from 14 to 18 per cent, coal of the weight of roasted 
ore. The blende must be crushed to pass through a sieve of 
2 mm. meshes. The product in the absence of lime shows 0*5 
to I per cent. S, in the presence of lime correspondingly more. 
The roasting is stopped when a sample, treated with hydro- 
chloric acid, docs not stain lead paper. Sulphates (apart from 
calcium sulphate) are most easily fcfrmcd when the furnaces do 
not go hot enough, after stopping for Sundays ; once formed 
they arc never completely decomposed. 

Bemelmans (Ger. P. 76775) describes a furnace for roasting 
both pyrites and blende in separate compartments ; the sulphur 
vapouC obtained from i)yrites, somc^mes by addition of coal, 
is utilised for removing from the blende (which must not be 
mixed with coal) arsenic, antimony, and phosphorus in the 
shape of volatile sulphides. • 

Michel Ferret (Ger. F. 37842) modified his well-known 
lurnace for burning fuel in the shape of' dust so as to roast 
blende, ufthout mixing the fire-gases with the gases evolved by 
the burning blende. The princij^le is very similar to that of 
Eichhorn and Liebig. 

Max Liebig (Ger. F. 23J034) roasts blende or similar or<cs 
completely without 'any external heatipg of the furnac^, by 
passing air, heated to about looo' C., over the ore in* spaces, 
well protected against loss of heal. ^ 

Petersen (Ger. F. 196216) roasts blende in two furnaces, 
provided with a single fife^dace, Lorn which Hie gases first heat 
the lowest muffles of one of the furnaces^ where the last stage 
of the roasting takes place, then the lower muffle of the second 
furnace, *and only then they are divided inlQ two streams for 
heating the higher muffles of both furnac(». . 

The Stolberg A. G., Borchers and Gr?umann (B. F. 24096 
of 1906) heat a miyur? of zinc-blende and finely divided 
iron in an clect^^<>resistance furnace, in*whidi the chargt; fornti 
the resistance„to 1000"^ 1 500°, in a ccyrtii/^ous protess Metallic 
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zinc distils off and is condensed in the u,sual way ; F'eS remains 
behind in the molten st^te, h tapped off from time to time, 
then roastCel, and the SQ, given aff iis used for the mVinufactiire 
of sulphuric acid. 

' Ala/idfiitW Blendc-nmsting Fiirnacct. 

A furnace constructed by Zellweger and describee,! in Eng. 
aftd Min.J., 1900, p. 261, shows a roller-shaped stirrer. It turns 
out 30 tons in twenty-four hours. 

Encke (Gcr. P. 21 1433) describes a mechanical stirrer for 
blende-roasting furnaces of long shape, which saves much space 
and can be also applied to ordinary muffle furnaces. 

The burner patented by J. Haas (Ger. P. 23080) is very 
similar to MacDougall’s (cf, p. 474), but the single chambers, in 
lieu of having simple brick bottoms, arc separated by flues 
through which pass the fire-ga^jcs from a coal-fire. Mechanical 
stirrers move the ore from the top shelf over three others and 
ultimately into an open 'hearth, where the last roasting takes 
place. 

Hegelcr’s burner is a combination of an Eichhorn and 
Eiebig’s burner w'fth a stirring arrangement somewhat similar 
to Spence’s (p. 488), but differing from it in some important 
practical details. This furnace works most successfully at 
Mathiesen and Ilcgeler’s zinc-works, La Salle, 111 / It treats 
J55 or 40 tons blende with 28 per cent. S in twenty-four hours. 

Muhlhauser {Z. angew. idieni., 1910, p. 347) describes the 
eTol,ution of this burner and its present sphere of application. 

A mechanical bHnde-ronsting furnace r patented by the 
Chemische P'abrik Rhenania (Ger. P. 61043) bas not been 
ictually erected {fifiein. hid., 1899, p. 26). 

The burners patented by the Societe Vieille Montague (Ger. 
Ps. 24155 and 36609) are medianical burners in which the flame 
jf the coal-fire is not' separated frdin the roasting-gases.^' These 
turners have been continuously at work at Obo.^hausen since 
[883. Their construction is shown in Fig. 134. There are 
jeveral superposed circular calcining-hearths, A, A, to which is 
ittache/! a square ealriner, B. The ground ore is charged 
:h7cf6gh hopper a by mellns' of fecding-n‘:>llc'^s and flues on to 
;he t®j3 chamiiet, and^ gradually finds its way^*'!ownwards and 
nto*B. The fire of f the ‘fuel burning grate ‘T first passes 
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over B, then over the circular hearths A, ‘A, into the dust- 
chamber C and into the flue S. /Fhc agitation is procured ’by 
the vertical shaft /? and arms l\ the stuffing- lynxes being 
packed with asbestos. Shaft 0 is contained in an outer pipe 
and the air rising between them acts as a cooling medium. 
The*arms car^ / tooth-rakes, m, in a radial p<)sition for th<! purpose 
of stirring, and slanting solid rakes,/, which iiiove the ore from 
the circumference to the centre, or the other way, as Vs required 
for the purpose of gradually trans[>orting the ore downwards 
and ultimately on to hearth B. [Thc.se furnaces, which had to 
be frequently repaired and made much flue-dust, are being 
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gradually replaced by hand-worked muffle-furnaces, alfhough • 
according to Pierron {Monit. Siicnt., 190Q, p. £62) they consume 
only 18 parts coal for 100 blende. j 

The O’Brien mechanfc^l furnace (cf. suprci^ p. 497). has also 
been a^Tapted to the roasting of zinc-bldnde. It is for this 
purpose surrounded by a muffle, and is supplied with additional 
heat under three shelves, either by gaseous fuel* or by pulverised 
fuel, or from an outside combustion furnTicc, This furnace is 
shown in Pdg. 135. * 

Trego (Amer. ^ . (^98844) roa.sts Llende in a furna#tt‘'^ith 
revolving hear^^' ^ • • 

Spirlet ^FrO’. 4153^8; Ger. i’. ?36(?89> employs for bisnde 
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.a succession of fixed and moving trays, ti;>e latter revolving on a 
vertical axis with stirring, blades, only the lowiest tray is heated. 

Schmieder (Ger. P. ^244131) nd«iscribes a revolting tube 
closed at both ends, with air-channels in the walls of the, tube, 

where the air gets heated and issues into the zinc ore through 
* # i ' 



Fig. 135- 


holes protected by slanting pieces or by segment itubes against 
the entrance of ore dust ' « 

Schiitz {Chem. Z'eit., 1912, p. discusses the older blende- 
roasting furnaces and modern patents in the samef'line,, 

Olga Niedepftihr (Ger. P. appl.N 10070) deserjb^es a m/2chanical 
roasting-furnace Witli special cooling-channels in the hottest , 
^aces ;^'on the top a-'cevering of roasted ore in a granular form 
IS s'pttf^id, which at the saV’ne time serves as it^filter for the dust 
Other blende-roasting furnaces are dcscn^!>*;ci in the B. P. 
13625 (1909)'; 3843 a/nd 3*984 (1911), of^^erton and, Ridge. 
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Felix Thomas {ChcL Zeit. Rep., 1910. p. ? 76 ) roasts blende . 
at a low temperature in order to .obtain .zinc sulphate, and dc- 
composes this by air containipr mucli steam, according to the 
equation; ZnSO,+ H ,0 = ZnO + HM In order to produce . 
steam and heat from within as -well as from without, the roasted 
ore i*s made into briquettes with fuel. The dccompos‘.t,on o 
zinc sulphate in this case begins at Coo" and is .inished at about 
820" • it cli be therefore carried on with damp air at too lower 
than ’when working with dr>- air. He recommends briquetting 
the zinc ore with tar, pitch, caking-coal, etc roasting the 
briiiuettes in the oxidising dame of a gas-producer at 700 o 
750°, and in the end going up to 820°, preferably m revo g 

furnaces. This he expects to econofhise time, fuel and loss of 
ZnO by volatilisation, to facilitate the application of mechanical 
roasting and to improve the result of roasting. 

According to Hascnclevcr (/ Roc. them, bid., 1911, P' ^ ) 
there is very slow progress in Germany for roasting ^-'"C-blen 
by mecBanical furnaces. Many German zinc-works have spen 
la^rge sums of money on experimental furnaces of ° 

construction. The main difficulty in that respect seems to bp 
r fact that most of the zinc-works are obliged to work w.^ 
blende containing some lead, which ores sinter on roasting, 

and stick to the rods and moving parks. 

Rules j-jr RoasUuo- Rdcndc ami svutlar 1 oor Ores, and M 
Treating the. 6 '///r/<vx-IIassteidtp-r (Z. angew. Lhem., 1906,, 
, p 522) maintains that roasted blende should contain as it k 
sulphur as p’ossible in the shape of yine sulphide and ^ 

whilst other siilphigtes have no innirious ^ction ' 

tion of the cinders. Ilis analytical method for the eit” - 
tion of zinc sulphide and sulphur has been mentioned, supra, 

^Doeltz and GrauinannTf^/^'v;/. Centr, 1907,1. ' 467 ) made mi 
investigation on the decoinpyisition and fbrmatior of ZnbU, 
during the rqa;,ting of blende. 

Frost hull. Soe. Chim. Belg., 191 b P- i 03 ) piwyes that in the 
cinders from blende containing lime the sfllphur is in the stat 
of calcium sulphate, not in that of zinc sulphate. 

Juretzka (Ger. a-ppl. J 12275). makes the sulphatear-»»n 
tained in cinck^'' from blende, harmless^ for 
distillation pro^s by nPixing them pvith dry lime iftid cover { 
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^ with water. The* roasting-f)rocess rem^ains in the usual form, 
and the whole of the sul^^hidff.- sulphur is obtained as sulphuric 
acid. ThCr calcium sulphate is,i l^.ft in the cinders without 
interfering with the distilling-proccss for zinc. 

Pape (Ger. P. appl. P265S9) removes the sulphur from zinc 
sulphatd by adding ziic oxide before the ignition. Thereby 
the SOo is split 6ff on ignition completely and at comuaratively 
1<« w temperatures. , 

Jensch (Z. Choti. 1894, p. 50) shows by analyses that 

the sul])hur in ro.isted blende is contained therein mostly in the 
state of iron sulphide ; already when roasting down to 2 per 
cent. S there is no more ZnS in the cinders. It is therefore 
unnecessary to carry the toasting down to 0-5 per cent. S in 
the cinders, as is frequently demanded. 

Nemes (Fr. P.426851) blows finely powdered pyrites, blendCj 
etc., into a furnace where they'^slide downwards on an inclined 
plane. The hot roasting-ga 5 es travel underneath that plane. 
For roasting blende a special heating-contrivance is pro\'ided. 

Hubiier (Ger. P. 236669) roast.s blende in a vacuum in 
several superposed chambers. 

Treaiiiu'itl of ^'omplex Ores eonta'niijr^ lUouic, Copper Ores, 
and of Other Oi es yicldiiig l\)or GVlvc.s '.-— 1 lart (/. Soi, Cheni. Ind,, 
1895, p. 544) proposes treating such ores with sulphuric acid in a 
.^alt-cake pot, and when the mass has become pasty, trm'isferring it 
to a blind roaster and finishing it there, all the gases going into 
vitriol-chambeTs. The zinc /'cmains behind as sulphate, which 
tan be obtained by Jixiviation and crystallisation ; or else it is 
mixed with p'oor zinc^ore and roasted, in wd^ch case the oxygen 
* of th (5 sulphate combines with the sulphur of the blende. The 
reaction seems tc^be: 

ZnS-l-qSO.j - ZnSO, + 4S().,. 

• c ' “ 

The Maschinenbauanstalt IliMiboldt (Ger. P. 1606^4) treats 
ores composed of pyrites afid blende as follows :-»rrThe ore is at 
first but slightly roasted, so that on the surface the FeS2 is 
converted into FoS.* It then passes a magnetic separator, and 
after Uaving this, lieJ; and ZnS, now separated, are roasted in 
furnaces. lle«e FeS is completVJy roasted, and the 
gasei, •which arc *su|^crheated and contain ^w<ire passed intc 
the* furnace Vhere tlu^ ?,HS,is completely roastt^J, employing sc 
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much air thi , the gases leaving this furnace 'can be employed 
for the superficial rpasting of FcS.^ mentioned in the beginning ; 
hence thero is no fuel required for .this, and the ga,‘>es passing 
out of the first furnace contain all the sulphur of the ore as 
SOo in such concentration that 'it can be advantageously worked 
up. ‘Another patent of this firm (Gcr. T. i6i 154) treats of the 
case of ores containing but little pyrites, not suificicnt for yield- 
ing enougft heat on burning to roast the blende. l*his draw- 
back is remedied by mixing such ores wdth enough fresh pyrites 
to yield sufficient heat on roasting for the roasting of the blende. 

In order to enrich the SO., gases from ores not yielding 
sufficiently good gases, J. G. Jones (Amcr. P. 872822) burns 
raw brimstone in a horizontal furmtcc and passes the heated 
gases into a horizontal revolving furnace, in which the poor 
sulphur ores travel in the opposite direction ; thus both sources 
of sulphur arc utilised for producing gas rich in SO.,. The coke 
produced is continuously removed from the revolving furnace. 

0 . iiiedenfuhr (Ger. P. appl. NiQOOpj effects the simul- 
taneous roasting of easily burning and more difficultly treated 
ores (only of pyrites and zinc-blende) by preventing the ores 
from getting mixed. On each .shelf of the burner there is only 
one of this kind of ores, in turns; or one furnace is arranged 
inside the other, with special stirrcr.s. 

Channi^ig and Falding (Amcr. P. 962498) utilise the gase^ 
from the pyritic smdtin<y' of toppyr e/'cq which hitherto were 
wasted vSn account of the irregularity of their cOmpo'sition and 
the small pefeentage of SO., cyntained therein, in the following 
manner. The addition of coke in the fusing process is kept as 
low as possible, in order to avoid unnecessary dilution df the 
gases with CO.^ and N ; say, i part coke to 4 ^jarts of availab*le 
sulphur in the ^sulphides. The aiv -blast is to be regulated in 
such manner chat, alter •the oxidising proct?sses have been 
accomplished, an excess of 4>)r 5 per cen<. O remains in the 
gases. In order to keep the percentage of SO.; in the roasting- 
gases between 5 and 8 per cent., as is the rule both for the 
chamber-*" and tKe contact-process, and Ho. obtain gases of 
‘uniform quality, they are conducted from .the single fitrnaces 
into a large mixing^harnber ; if they are too rich in SO.>l.:-vyis 
introduced in ^me suitable place ; if t6^ °poor, some oC the 
furnaces are digged wi^i richer orc\ . • , • • 

• . .2.K 
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Reverberatory furnaces applicable to the production of 
blister copper, together )vith <SO., in a statc^in which it can be 
used in vitriol chambers, are dererjbed by T. Walker in B. P, 
9918 of 1909. 

The recovery of sulphur tridxidc and sulphuric acid from, 
the gasd-s of “ pyritic ’'tcopper smelting, containiiVg percent, 
is described^ in detail by PTecland and Renwick {Eng. and 
1910, pp. 1 1 16-1120). This is done by the Ducktown 
Sulphur, Copper, and Iron Co. in Tennessee to the extent of 
160 tons acid of 60'' Be. per diem. 

Carmichael (Ger. P. 175436) roasts ores and metallurgical 
products containing sulphides in a converter, with addition of 
calcium sulphate or sulphide, in such manner as to obtain, on 
one side, the metals as such, and, on the other side, gases rich 
enough in SO.^ to be worked for sulphuric acid. 

Sweeting (Fr. P. 361808) “Utilises the SO.2 given up in the 
roasting of antimony ores by absorbing them in water; the 
antimony oxide carried^ along with the gases is filtWed or 
decanted off. 

The furnaces or kilns for roasting ordinary copper-ores, lead- 
^ ores, and so forth*; as far as they arc not mentioned in previous 
places, cannot be described in this book, as they belong to 
the domain of metallurgy proper, and in these cases the 
i;oasting-gases are, if at all, sent into vitriol-chambetrj merely to 
get rid of them, but without Jhc expectation of profitable work. 

We merely mention a fe\v modern attempts to obtain work- 
uble roasting-gases from such ores by new methods. 

Scbillot (B. P. of 21616, 1898) charge^a cuprous or other 
.sulph'ur-ores, mixed with fuel, into a furnace provided .witfi 
air-blast. The g/iscs are taken into a chamber containing coke, 
pumice, or a suitable metallic oxide, where tli,ey are treated 
with air and strain, and where sulphuric acid is formed {cf. 
Chapter IX.). '• n ^ 

The ordinary lead ores Smelted in Europe co5>4ain but 1 1 to 
15 per cent, suljiihur, and by the old roasting processes yield 
burner gases contaiiting about i per cent, of sulphur which are, 
of coufse, quite useless for the manufacture of sulphuric acid. 
Ttriinf gases are obtained r by the proQesi^of Huntington and 
HebeWein (B. P. of 1896; 3795 of i89>^-tin which air is 
bloivn in a ^‘converter ihtpugh a iayi»r of ieatf ore 3 ft deep. 
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In the beginning and the end of the roasting, gases yery . 
poor in SO^ are ol^ained ; but during J;hc most active stage the 
gases contain up to 1 5 |?pr> ccnt.^ SO^, and by •\Vorking a 
large , number of converters charged at different times, 
a fairly continuous gas current can be obtained, which 
is sufficiently' rich in SO^ for c^^nv'^rsion into sulphuric 
acid. According to Ilasenclevcr (/. Soc. C/iaiL 1911, p. 
IJ91), the manufacture of sulphuric acid by that process w^s 
first introduced at the Muldenhiitte at Frieberg, Winkler’s 
contact process being used ; at the Friedrichshuttc at Tarnowitz 
in Silesia the roaster gases arc treated by the chamber process. 

While the Iluntington-IIeberlcin converters work inter- 
mittently, the work of the Dwight-Lloyd furnace, improved by 
Schlippenbach, is continuous. Iti this apparatus (mentioned by 
Hasenclever, be. cit.) the air is not blown through the material 
from underneath, but sucked dowhi across it from the top to the 
bottom. Thib furnace delivers a Vegular gas-current of 4 to 6 
per ceni. SO^ by separating continuouHly the rich from the poor 
gases. Probably about 90 {)er cent, of the suljihur of the lead 
sulphide can be utilised for the manufacture of sulphuric acid, 
so that 4 tons of lead ore will yield i ton oPsiilphuric acid of 1 
T42'' Tw. A large plant for the manufacture (jf sulphuric acid 
by the contact process combined with furnaces of this design 
was in the'tourse of erection at Stolberg in October 1911, and 
was to be started in a few nio4iths. Some diffic^ulties are* 
certainly anticipated for the beginning, as the gases contain 5 
or 6 per cent. C'Oo and much ckist. • * * 

If all the lead o’*cs smelted in Germani^' were to be treated 
in this way, they would )’ield about 40,000 tons sulphuric acid pf 
142'^ per (Uiniim. The production of acidofrom this source 
in England would be about 6000 tons; in Pelgium, 18,000 tons; 
in France, 12,000 tons; in*S^ain, 7^,000 tons. 

C 

> 

D. TIie" Production of Sulvuiir Dioxide ekom 
Various other MATERffvLs. 

• • * 41 * 

I. Burner sjff or the Spent 0 ^id% Gas-works. 

The spent of gas-works is now ^generally washed, so 

as to obtain^ ammonia Skits therefrom* and is also frequeiftJy 
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treated for the ferrocyanide or sulphocyanide. At all events 
the sulphur, which it €oi;itain£ in the free sfate, sometimes up 

tg^ fo per cent., is ^-ultimately 
burnt for the manufacture of 
sulphuric acid. This is some-, 
times done in o'/dinary brim- 
stone-burners, as shown supra^ 
pp. 391 ctSi'L].; but in this case 
it is difficult to burn it out com- 
pletely, and there is loss of 
sulphur in the cinders. Ordin- 
arily it is burnt in apparatus 
very similar to “shelf-burners,” 
as shown in Fig. 136 (Hill’s 
burner). Each chamber in this 
< case is about 10 ft. long, 20 in. 

' wide, and 9 in. high. Mac- 
Dougall’s and Ilerreshof/’s mechanical burners (pp. 474 a!nd 482) 
have also been employed for this purpose. 

Cowen’s burner. Figs. 137 and 138, consists of a row of fire- 




Fic. 138, 


^cfti^L^as-retorts, and requires no furtl)jcr\explanation. Other 
works are said "to ^urn that material in b^ji^ners with very 
narrowly pl'Aced gr^te-oar^j. <• \ 
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fROM SULPHURETTED HYDROGEN 

• • 

Sometimes the oxi'lc is moulded into bricks and put. ipto* 
lump-burners ; it burns off veiy well* and the cinders fall * 
through the grate-bars by. tl^cmscives ; jn fact, the bars must 
be torched as little as possible. This process does not answer . 
so w^ell as shelf-burners. 

The 38/// Alkali Report, p. 97, recommends not to Sischarge 
the hot residue from oxide burners through the fror^ working- 
doors, as this causes a nuisance, but to push it into chambers 
placed at the back, where they can cool off. The gases should 
be taken through long, heated flues, in order to burn the tarry . 
substances and ammonia which destroy nitre. 


2. Buruers for Sulphuretted Ifydrogeu. 

These arc usually of a very simple description. Those 
shown in Fig. 139 consist of a brick chamber provided with 



• Fir.. 139. ^ 

^some baffling-walls a, a. The sulphur*ctted hydrogen gas 
(which is nearly always mixed with a hirgc quantity T)f me^t ^ 
gas, chiefly nitroge:i) iy introduced through the cast-iron*p1pe if, 
the supply bciTi'’ regulated by an inlet-vaUe c. Air is admitted 
partly roumj me pipe partly by *a •special opening r/, widch 
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. ought to be provided with a slicfe or otl^er means of regulating 
the amount of air. The, heatr produced by ,*lhe combustion of 
the sulphUcetted hyd.ro^ei] is qvitf sufficient for keeping the 
temperature of the chamber at a red heat, so that the ,gas is 
always lighted again if by chance the flame has been* 
extingufshed. This is®a\,ded by the baffling-wa'ils, a, a, which 
serve botl^the purpose of supplying a reservoir of he^t for the 
jilst-mentioned purpose, and of mixing the gases so as tocnsufc 
perfect combustion. The grate, e, is required only for irregularly 
composed gases, like those formed in the saturation of the gas 
from ammonia-stills by sulphuric acid ; especially for relighting 
the gas after stoppages over Sundays, and so forth. With gases 
of regular composition and comparatively rich in sulphuretted 
hydrogen, like those given off in Chance’s sulphur-recovering 
process, the grate e is quite unnecessary, as these gases are as 
easily lighted and kept burning as coal-gas The doors /, / 
serve for “potting” the nitre, where it is not preferred to 
employ more rationally constructed ap{)aratus for this purpose 
{cf. Chapter V.) The size of the whole chamber may be about 
10 to 12 ft. long, 4 or 5 ft wide, and 3 ft. high. Pans for con- 
.centrating sulphuVic acid may be placed upon it, and even in 
this case the gases will issue hot enough to do full work ii^ a 
Glover tower. Sublimation of sulphur is never observed with 
ordinary care in admitting the air. One very great^advantage 
m burning^sulphuretted hydrogen is this: that, in contrast with 
the variations in the amount of SO.^ in burning brimstone or 
{jyp'tes, even when keeping up a i^gular rotation of^ the burners, 
the process in this cacc is perfectly continuous, as the supply of 
H,oS from the gasdioldcr is continuous ; the amount of air need 
never be varied v^hen once regulated ; the percentage of SO.^ in 
the burner-gas is altogcthei^ uniform ; the chamber process is 
consequently much more regtilar thgn with brimstone or pyrites, 
and the consumption of nitre is Correspondingly smaller. All 
this, however, holds good only if the pei;ccntaget«t Ik,S in the 
gas is practic^lty constant, whilst with gase^s* of ve^y varying 
composition, such‘a.s those evolved in ammonia-works, the very, 
^ontr^fy is the case. , 

^^t^must be remarkdU ^hat at somcr w6rks, in burning the 
sulphuretted h)'drog^n from the Chance proc^, an increased 
corfsumption of nitre has* been noticed, ^whilst aCothers a saving 
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in nitre in comparison with the burning of pyrites has bQen • 
effected. EvidenUy in the former ''a^e the quality of the 
sulphuretted hydrogen has nci been, aj it ought tc^ be ; it has 
no doiibt varied in percentage, and may even have contained a . 
.notable quantity of carbon dioxide, so that the chamber-process 
would not be as regular as desirable. Sometimes it !ias been 
noticed tljat the combustion has not been quite perfect, so that 
syblimed sulphur has been found in the Glover tower or even in 
the chambers; but this is evidently owing to mistakes and 
careless work, and should not occur with ordinary care. 

In 1886 E, Lombard {Moni/. ScintL, 1889, p. j 23 1) described 
a shelf-burner for sulphuretted hydrogen, consisting of two 
separate compartments, 7 ft. 6 in. deep inside. There arc four 
shelves, 6 ft. 6 in. long and i ft. 4 in. wide, formed of four fire- 
clay slabs each. The top shelf is perforated with many holes, 
and occupies the whole length ^nd width of the furnace ; the 
other shelves arc not perforated, and leave at alternate ends a 
passage of 12 x 16 in. for the ga.ses. l^ach furnace is jirovided 
at the base with four burners for H.,S and two air-tubes, 
disposed in two tiers of three each, the air-tubes occupying the 
central places. The burners consist of fire clfiy tubes, 6 ft. 6 in 
long, I J in. wide inside, and i; in. thick, projecting two-thirds of 
their length into the furnace, and provided on the top with slits 
or holes fo. dividing the gas. They arc connected in front by^ 
cast-iron tube with a stop-cock U)r regulating the jlow. Th^' 
air-tube is 2 \ in. wide, and is provid'd with an iron thimble for 
regulating the quantity entering. The -gaseous product‘s (Tf 
combustion pass ipJ;o a flue, i ft. 6 in. X2 Jt., on the top of the^ 
furnace, then into a small dust-chamber, and then into tjie 
Glover tower. Tocal height 6 ft. The prcs.siire of the gas is 
— in. of wat,er; it is said to wofle very well. 

Simp.son and Parnell (H. Jb 147 Pi of 1886) regulate the supply 
of air and gas in any desired proportion, so* as to obtain either 
free S or SQ,, by crpploying two vessels, each of which is 
provided ^vith an inlet and an outlet valve. vessels are 

^filled and emptied simultaneously by a mefliatiical arrangement, 
the two vessels acting in conjunction, so that the gas d^itej'ing 
and leaving one of the vessels hearts a constant proportion to 
the quantity of nir entering and leaving thf other vessel. • fSuch 
an arrangemeiu, very u^ful as it untlo\it>te«ily is for the protluc- 
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tion.of free sulphur from Ih^S, seems unnecessarily complicated 
when the object is that of burning the H2S W 4 th an excess of air 
for the putpose of sulphuriq-acid manufacture.] 

Barth (Ger. P. 235157) converts the HoS contained in the 
gases evolved from gas-liquor by burning into SOg, and rnixes 
the combustion products ^gain with the first gash’s, before they 
are carrie(^ further into the apparatus for retaining t|^c NH.5 in 
the shape of ammonium sulphate. ,> . 

3. Processes for Absorlu’n^i^ Sulphur Dioxide contained in Acid- 

sinokCy h'irc-p'ascs, and the Like. 

The abatement of the nuisance caused by the acid-smoke 
given off in metallurgical and other operations presents special 
difficulties where the percentage of acids is so slight that their 
utilisation by condensation or by conversion into sulphuric acid 
is out of the question ; that is,' if less than 4 per cent. SOg by 
volume is present. The dam'agc done by such acid gases has 
been described in Chapt<!<r III., pp, 269 et seq. 

A survey of the processes tried a number of years ago at 
Stolberg for dealing with acid-smoke has been given by Hasen- 
pAovox fnscheds jaliresbcr.^ 1881, p. 173). All of these will be 
mentioned below ; they all have one common feature : they ^^re 
very expensive, and at the same time they hardly ever attain 
tjieir purpose completely. * 

The problem of dealing with the enormous quantity of 
sulphur dioxide contained tin ordinary coal-smokc has been 
hardly ever attacked* in a serious manner, as the expense and 
inconvenience of an*y imaginable measures for this purpose 
have hitherto appeared to be quite unbearable ; and it does not 
seem as if this w(i^uld be different in the near future. The only 
practicable remedy in this case, as well as in isome cases of 
metallurgical smoke, is to dilute th^ gases with a large quantity 
of air, by erecting very tall chimneys for carrying them up to 
a considerable height above the surfage of th«»> earth. Such 
chimneys havg; been made up to 450 ft. in height. Ii;i the case 
of hydrochloric acid’ they have entirely failed in their object 
{cf. Vok II.), but inChgt of sulphur dioxide the dilution of air 
is hnare efficient. Froyt^g certainly* estimates (somewhat 
arbitrarily) that sm^)ke is harmless only whern it does not 
con<;ain beydnd 0003 pet cent. SO., bf’ volume'*; but since, for 
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instance, in lead-works .the percentage of SOj in the main flijes, ■ 
where all the smoke and fire-gases are* mixed, rarel}^ exceeds 
O-i per ceftt, it is very likely lhat, if^ these gases are allowed to 
escape only 200 ft. or more above any vegetation, they get 

• sufficiently diluted with air in their descent to become harmless. 

This isowing to tlie fact that sulphur ^dioxide diffuses pretty 
equally iij the air, whilst hydrochloric acid, sulphuric anhydride, 
.a^id salts, etc., which form visible fumes, generally reach tne 
ground in a very little-divided stream, and cannot therefore be 
made innocuous by very tall chimney-shafts. In fact, this is 
the only explanation why the scores of tons of sulphur dioxide 
daily belched forth in certain localities by lead-works, zinc- 
works, glass-works, etc., have not ere now destroyed all vege- 
table life around the works, which is notoriously the case only 
in a few isolated instances. Rut as such instances do occur, 
and as altogether the requirements of sanitary authorities are 
constantly becoming stricter, the removal of the acid-smoke to 
a high* level by means of chimneys cannot be ptonounced a 
final solution of the difficulty, even where only SO^ is the acid 
concerned, all the more as in moist weather the acids escaping 
from the very tallest chimneys are brought d6wn to the ground 
in a somewhat concentrated state. ^ 

A proposal has been made by Wislicenus and Isachsen 
(Gcr. r. to dilute smoke-ga.scs to such an extent th*t 

the amount of acid contained n\ them becomes innocuous 

0 r • ^ 

This is to be attained by building within the chimney-stack a 
second lower stack, provided ^vith i)ipes carried up and do^n* 
wards. Air is intiroduced into the innc#r stack and escapes 
partly at it.« top, partly through the uj) and' down pipes, tbus 
intimately mixing it with the chimney gases. • [It is not likely 
that this process can be carried out in many cases as prescribed 
above, but it is stated in ihe Alkali llcport, p. 76, that 
bringing down the percentag^^ of acids in the exit gases from 
chemical ^wcilA by means of diluting them in the chimney with 
air is not contrary to the law.] * 

* O. Schott {Dingl. polyt, p. 142) proposed to utilise 

the sulphur dioxide giveyi off in making ylass from sodium sulphate 
for the manufacture of ’Sulphuric acid. TJ;ic ^,as is to b^ made 
richer in sulphur by employing for the^ g 4 ass-mix^ture gypsum 
in lieu of ligiestone. Sulphate of soda, g^fpsum, and coal •are 
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. to be mixed in proper proportions, and .brought to a bright red 
heat in nuifne-furnaces' ov in elliptical glass pots, until the SO2 
is driven '(jff. The f/ittec] residu<i of sodium and calcium 
silicate is to be powdered and used by glass-works; the, gas is 
to be conducted into lead chambers and worked for sulphuric, 
acid. This process .setenjs entirely impracticable ; especially 
since siicl] diluted gas (mixed with a great deal pf carbon 
dJoxide) has not yet been utilised. , . 

Thirion (i^'r. W 28th February 1*874; Wagner’s Jahresber., 
P- 39 t) snakes a similar proposal for heating sodium 
sul[)hate w'ith coal and silica, whereby a mixture of sulphur 
va{)()ur, sulphur dioxide, and carbon monoxide is cooled. The 
sodium silicate is to be decomposed by CO.^ or to be used as 
such. [As a [jropo.sal for manufacturing sulphur or sulphuric 
acid this process is evidently hopeless.] 

We will now give a synofjsis of the various methods for 
treating ordinary acid-smok\^, with special reference to the 
removal of SO., and .SO^,. luir details we must refer to the 
sources quoted in this work, to a special treatise by A. 
Tiering, Die Verdic/tinni^ des I hittenranchcs (Stuttgart, i88*S), 
^and to one by Schnabel, Mctallhultcnkunde, ii. pp. 58 et seq, 
Condef/sino- by ivater seems to be the simplest and insist 
obvious process, looking at the great solubility of sulphurous 
and sulphuric acid in water. Ihit this process is in foality only 
practicable where the percentage of acids is not too slight ; 
dilute acid-sm<)ke cannot be Jiufficicntly washed without cmploy- 
i*ng^a co[nparativcly enormous quantity of water ; and, surprising 
as it is, SO3 is even ivore difficult to condense in this way thag 

' Sp2- ' It is quite certain that condensation by water can be 
made to pay only*.whcre the gases arc sufficiently concentrated 
to convert them into sulphhric acid in lead chambers ; it is 
therefore the interest of smelting-jvorks, etc., to conduct their 
proce.sse.s in such a’ manner that^hc acids are diluted with as 
little inert ga.ses as possible. If the percentage reaches 

4 per cent, by .volume, they may be submitted, tp the i^chroeder 
and Haenisch proce’ss (7/rV4' infr(i)^ox they may even be con-* 
verted^Tnto sulphuric .acid, although this will hardly Leave any 
profit iL't that percentage^; Lfut it is enoug,h to have removed the 
nuisance. Where, however, there is less than ^ per cent, of 
SO^ in the gases, ^ny fUilisation is ofit of the<^ qyestion ; the 
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thin acid liquids obtained by washing the smoke must bc.r.un ■ 
to waste (which ii\ most cases means a’fresh nuisance, and is 
not permilted by the authcrities); nou is the SQ., and SO.^ 
anythjn^ like completely taken out of the ,^ascs ; and the 
.nuisance is at best only diminrshed, but not remedied. 

At all events the contact of the ;iVAorb'n"-watcr with the 
acid gases must be niade as intimate as possible. ^Thc con- 
djnsing-apparatus used for hydrochloric acid, and described »n 
Vol. II., are suitable only for somewhat strong gases ; the weak 
gases which we are here treating of re(|uire s[)ccial means, such 
as paddle-wheels or similar spra)’-prodi]cing apparatus, costly 
to work and to keep in repair, and generally imperfect in their 
action. 

Haworth (Amer. W 268793 of 1882) proposed to condense 
the SO2 given off in lead-smelting by water, boiling it out of 
the solution and taking it into a h'ad chamber — an economically 
hopeless process. ' 

In >ieu of water, h'reytag (Cier. Vs^g(j6<), 14928, 15546) and 
Hasenclevcr (Gcr. P. 17371) employ somewhat concc’itratcd 
sulphuric acid, in an ordinary coke-tower of large size. This 
agent retains the sulphur trioxidc much bertcr than water, so 
that in some cases the expense of working the process is paid b\' 
th(' sulphuric acid recovered. Sulphur dioxide is aKo retained 
to some e:’ftenl, but only if the gases have been well coole 4 . 
The necessity of doing this amUof previously removing th^ 
nuc-dusi;, which is sometimes vory difficult to perform, is a 
great drawback to this.a^ welUas to ail corresponding processes. 
In fact Freytag’s [process has been abandoned again ; at the 
best it could remove only a small portion of the injurious cf^i- 
stituents from the acitbsmoke. (Schroedcf and llaenisch, 
Chcni. hid., 1884,9. ^^‘^0 * 

Babe and Pape (Gcr. F., 18738? ; '1. \\ 199*73 of 1906) pass 
the gasc* , .previously cooled* and washed* through a second 
chamber, cooL.i dowm Ipulow o' , og. by lumps of ice, or on the 
outside by, the evaporation of liquid ammonia oi^sylphur dioxide. 
^Here the aqueous vapour is condensed and rttains all the SO., 
present iji the form of a saturated .solution. If necessary, a 
little more water is introduced, or else .an aqjueous solution of 
salts not dccofTi posable by SO.,. • * • 

H, Howa^rd*(Amer. A 889132) abscfrfis >he SO* from dihitc 
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• ga^ .by water, drives it out by heatings cools the concentrated 
gas and absorbs it by i s^ilphRc solution. r 

Borche'rs (rZ/tv;/. (7/:w/r.,,i909, 1 177) obtains technically 

available solutions of from dilute gases by repeated auto- 
matic supply of water or weak solutions of SO.^ to absorbing- 
towers. ♦* , 

Drewspn (Amer. P. 981625) utilises gases poor i,n SO., by 
absorbing this in water, and driving it out of the solution hy 
the heat of the burner gases 

Edmunds (H. P. 8006 of 1910) describes an apparatus for 
this purpose. 

l^urbury (Er. P. 420596 and additions) atomises water in 
apparatus for the absorption of SO.,, and injects it into the tube 
through which the gas is passing on its way from the furnace 
to the absorbing vessel. 

Ahsorhiuf^ the acids by caus'lic limi\ generally in the shape of 
a cream of lime, is one of thc‘‘oldest and, if properly carried out, 
still one of the most effiftient ways of removing the acid-smoke 
nuisance. Where the quantity of acids is but slight, and the 
manufacture in question is sufficientU' profitable otherwi.se, this 

♦ process is even nbw applicable, and if properly applied it does 
remove practically all the acids. The cream of lime shopld 
meet the gases in a finely divided state, either by flowing down 
properly constructed towers, or, still better, by bein'g converted 
,into a spray by means of pa^ldle -wheels or the like [cf, Rayner 
and Crookes’ patent, Ik P. JL678 of 1875). That this leads to 
thq desired effect, even with the darge quantity of SO.2 emitted 
in roasting blende, k.as been proved by wt-^rking on the largjp 
sqale in Upper Silesia {cf. Bernoulli, Fischer s Jahresber., 1880, 
p. 184). But unfortunately the expense of this process, where 
large volumes of acid gases arc concerned, is very serious, more 
especially as nothing like tlfe whok of the lime can be utilised 
for absorption, and the attempt tft sell the product ».s bisulphite 
of lime (Hasenclever, Ger. P. 10710) has failed*(v/ Schroeder 
and Ilaenisch,. JZ/^w. /^/r/., 1884,9. 

According to 'Jehsch {Fischers Jahresber.^ 1889, p. 321) the, 
deposjt forming in 'the milk of lime towers contains, so much 
lime t 4 mt it can ^be usctl ^ver again, and at least a product is 
obtahlfcd containingt^3;7'7 per cent, lime, 38-4 SO.^, 2-8 SO3, 4*1 
CO2, etc., wliich is wery hsoful as an adfiition to animal manure 
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for the purpose of fixing the ammonia, in which respect iMs . 

equal to gypsum. , o * 

It has feecn found by Cl. ^i/inklcr aiui otheY observers that 

the SOj in smoke is much more ‘iiflurious to ve^mtation if . 
accompanied by much steam, V.^. in smoke-uases from brick- 
kilns* Spitta (Ger. P. 110388) propos.i»s to absorb 1 ^ 0 , and 
steam at the same time by passing' the },mses up and down 
several flues, into which slaked lime in the shape of dust .s 
injected from the top. The bisulphite of lime formed is removed 
from the bottom of the flues by means of special doors. 

EgestorfTs Salzwerke (Ger. P. 70396) describe as a very 
efficient apparatus a series of chambers with inclined bottoms, 
connected with collecting-tanks. Tile alkaline ab.sorbing liquid 
is pumped up over and over again and brought into contact 
with the gases by means of a spray producer. 

Limestone is very much cheaper than caustic lime, and is 
almost equally efficient if employed in the proper way ; that is, 
if a very large surface of limestone is c*cpo.sed to the acid gases, 
and if this surface is kept from being covered with a crust of 
sulphite by being constantly washed with a stream of water. 
Cl. Winkler has constructed a special arrangement for this 
purpose (Ger. P. 7174) which completely fulfilled its object at 
the Schneeberg ultramarine works. It consists of three brick 
chambers ftllcd with large pieces of limestone, the roof bein« 
formed by plank covers perforate^! with many hole^ through 
. which vv^ter is kept running on (o the hmestoi'ie. The gases, 
pass througlT these chambers ^uccc.ssively and in regular rota? 
tion. The absorption of SO., is excellent, but as' each c\y. of 
sulphur requires 3 c*wt. of limestone, it is still too dear for’most 
metallurgical purposes, especially as any uiilisation of the 
sulphur is out of the (lucstiun. • 

The limestone treatmeht.is frequently employed at sulphate- 
of-ammoflia works for getting rid of tht SO, formed by 
combustion .-f.the H.S escaping Irom the saturators. Ihis 
treatment’ is frequently mentioifed in the Alkali Inspectors 
Reports, and in' the yoth Report (for 1899), pp. 25 and 26, Mr 
*R. Forbes Carpenter, the Chief Inspector, ..tates the foBowing 
conditions as being abscjutely necessarydbr success ist#Tnere 
must be sufficient draught at the furnace, ajid the suctionrat the 
condenser outlet must '*e adequate. to»stipj)l> this^t all tiraes; 
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to avoid sublimation of sulpHur. Such draught might be 
supplied by injecting air^ under slight press\ire in the furnaces. 
2nd. The gases 'must-be completely cooled before and behind 
the furnace. If they edcer the limestone-tower above 38'' C., 
much calcium sulphate is produced, which forms a protective, 
crust on* the limestone. « The hot gases arc to be ‘cooled first by 
cast-iron pipes uf«lil some condensation takes place, when leaden 
pi;Des musl be substituted for them. 3rd. The limestone-towgr 
should be made of wood planks, tongued and grooved, or of 
brick and cement, not of cast iron. [The latter material would 
surely not be dreamt of by a chemical engineer in such a case, 
but possibly it has been used in gas-works !] 4th. The supply 
of water is best made in’ two forms, one constant, the other 
intermittent (by Hushes), especially in the case of limestone, but 
with hard chalk the intermittent flu.sh only may be used, at not 
too long intervals. [Cf, the much better feeding methods for 
Gay-Lussac and Glover towePo described in Chapter VL] 

Prccht (H. P. 3443 of,/ 88 1 ) em])loys lor absorbing S().^ from 
gaseous mixtures either hydrate or aluminium 

hydrate, especially the former. It is either spread upon trays 
moistened with water, or is brought into contact with the 
gases (previously cooled to 100 ) in the state of a cream, in an 
apparatus provided with a mechanical agitator, or in columns 
lij^e those employed for treating sulphuric -acid by ^ilphuretted 
hydrogen (Chapter X.). Thi,s produces a crystalline precipitate 
of inagneTium' sulphite, be.sydes a solution of magnesium sul- 
phate. On heating the magnesiu/n sulphate to upwards of 200'' 
the’ SO., is split off, apd can be condensed ^s such or converted 

* into Sulphuric acid, whilst magnesia remains behind, together 
wfth about 3 p<^ cent, magnesium sulphate. The latter is 
heated with coals, and thereby converted into IVlgO, remaining 
behind, and a ifiixturc of SO., ai^^i'CO^, which is utilised in 
vitriol-chambers [that will be ^hardly possible !J... ’M. Lyte 
(/. Soc. Chem. Ind., 1882, *p. 165) gives^a detaiJioi. description 
of this proces.s, .with diagram^. It has been tried ,at several 
places, but has evidt!ntly been found too little advantageous for^ 
most purposes. .» 

' !Al^ptina is includedw ii]« Prccht’s patent, but is less efficient 
than /nagnesia. 5drr\ctimes acid gases have been passed through 
layers of cldy-slate^(sc^ist), whereby lulphate 4)f alumina has 
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been formed, but this proce>\^ is evidently* only practicable 

under special loca’^ circumstance^ • 

Zinc ccwbonate or oxide wai^ [)roposed by Schnabgi {^Fischer's 
jahresber.^ 1882, p. 266), who had ‘pitiviously made manifold 
attempts at the Lautenthal smeltin^^-works for treating the 
acid-Smoke, a’! without any sufficient ^aicccss. Ultintately a 
process was adopted (Ger. P. 16860), consisting in passing the, 
gases ovef basic zinc carbonate moistened with water. Ziifc 
sulphate is formed, which, on heating (preferably mixed with 
coal), yields sulphur dioxide, to be converted into sulphuric acid 
in lead chambers, and a porous residue, consisting of a mixture 
of zinc oxide with basic zinc sulphate. Schnabet’s apparatus is 
rather complicated, and the result hot very satisfactory ; the 
process is very troublesome to carry on, and costs much more 
than the value of the sulphuric acid obtained (a provisional 
protection, 5416 of 1881, for this process was taken out in 
England by M. L}’te). • 

Fleivinann (Ger. P. 17397) passei> the sulphurous gases, 
together with some air, through a kiln containing a mixture 
of ferric oxide and coal. The latter, in burning, yields the 
necessary heat, and at the same time reduces the FeXTj and 
SOo, so that P'eS collects at the bottom. 

In Saltlake City the SCT contained in the smoke of the 
copper-work^ is retained by the bases of scoria blown into a, 
kind of glass-wool. , 

Meiailic iron^ moistened by Wcilt^r, was employed by Winkler . 
(Ger, P. 144:^), but was not ^und practiaiblc for dilute acid* 
gases. Thorp (B. P. 8862 of 1889 ) again ^recomirfends towers 
fifled with scrap-iron, and kept moist with water or a solution 
of ferrous sulphate, ihe temperature being mayitained at from 
49^ to 71° C. • 

Metallic copper or zinc, in very finely dividett form, was tried 
at the PVlnkfort Schcidcanstait, but withouf sufficient success ; 
but at the works the following interesting process was 

worked out. • • , 

{Duigf polyt. ] ., eexlii. p. 2y'6 \^Fischers jahresber., 
1881, p. 184) showed that gaseous mixtures, containing, besides 
a large excess of air, htr ;oo little SO.j* ard SO^ for being tieafed 
in vitriol-chambers and otherwise not treatable in any efficient 
manner, can be completely deprived of bcJth ^he abcA^e acids by 
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forcing the gases,* by means of H Korting’s injector and a per- 
forated coil of pipes, kclow tl{f surface 'of lULter^ holding some 
copper in sbj^pension or some cupric salt in solution. Xhe cupric 
sulphate acts as a carrier ‘of the oxygen of the air upon the 
SO2, and large quantities of sulphuric acid are formed in this 
way, so *that this procQss might even be employed for nianu- 
facturing sulphuric acid. At Frankfort, however, it was carried 
okit in this way, that the tank into which the gases dre passed 
is always supplied with precipitated copper, from which by tins 
process cupric sulphate is obtained without any expense. 
Rossler has also applied this principle to the treatment of 
ordinary acid-s'inoke (Gcr. P. 22850), by combining a whole set 
of apparatus. This process is very adversely criticised by 
Friese {CJlcul IulL, 1895, p. 137), who has made a long series 
of experiments with it, with totally negative result. No oxida- 
tion of SO., with air to SO.j by the catalytic action of CUSO4 
could be proved, SO^ recltn^es a hot solution of CUSO4, with 
intermediary formation ^)f cupric sulphite, to metallic ’;copper. 
A smooth and easy oxidation of the cupric sulphite to sulphate 
does not take place. Hence this process would be useless for 
the production ofv cupric sulphate, and still more so for that of 
sulphuric acid. 

A special class of processes utili.ses the reaction betw*een 
^nlphur dioxide and hydrogen sulphide, either both i>eing in the 
state of gases, or the latter bping in the nascent state as evolved 
/from sulphide.^. The reacticjLn in its simplest form is : ^ 

" , HI.,vS+SO., --2HP + 3S; 

but, apart from the fact that polythionic acids arc formed by 
secondary reactions, the above reaction is .anything but com- 
plete in the case of very dilute gases. Details about it are 
given in our Vol. II , pp. 967 ct seq., edition of 1909, in the 
chapter treating of.the recovery pf^ sulphur from soda ‘waste ; in 
this place it may suffice to* mention that a paten^jounded upon 
the above reaction was taken out by Landsberg (Ger. P. 6364) 
in connection' with the roasting of blende. ' ' 

When sulphide^ are employed, the reactions are even mord 
corapjicated, but the abj^orption of SOgj^aM be made more com- 
plete.^ Cl, Winkler Jahresber., i88o,„p. 245; more 
devils in Ckem. Ini., p. 126) dey.ribed a very interesting 
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process for dealing with the ga^es from an lAtramarine works 
containing much SO^. *ldiey wer^ brought into contact with a 
solution oiisodium sulphide, obt^ained from^the sulphate going to 
waste in that manufacture, by reducing} it with coal. The SO., 
is completely absorbed, with formation of sodium thiosulphate, 
or, ii? another vnodification, with formati*)n uf free sulplAir; but 
on the large scale sodium tetrathionate was foi'mcd, whw:h had 
to be decomposed by heating into sodium sulphate, SO.^, arid 
free sulphur. Theoretically nothing was consumed but coal, but 
evidently a very large amount of fuel must have been used in 
the various evaporations and furnace operations, with an amount 
of skilled labour out of proportion to the value C>f the products 
obtained. After having been carried out from 1868 to 1877, 
the process just described was abandoned for a simple absorp- 
tion by limestone moistened with water (p. 525). Even before 
Winkler, in 1864, Jacob had carried out for some \'ears a 
similar process to that just descrilied, employing cither sodium 
or calcijjm sulphide, at’Munsterbiisch i^t^ischers fahvi'sher,, 1881, 

p. 181). 

Calcium sulphide, proposed many years ago by Dumas, 
forms also the absorbing substance in Kosmann’s process 
(Ger. F. 13 123). By reducing calcium sulphate with coal and 
lixiViating, a solution of calcium sulphydrate*is obtained, which 
in very firmjy divided state is brought into contact with thi; 
gases containing SC).^. The result, is the formation of sulphur 
and gypsum : 

580^, + 2CaH ,S; H- 2H^,0 -- 7S -1- 2CaS()j,2l I/). t 

The sulphur is extracted from the mixture by superheated 
steam, and the gypsum returns into the cycle, of operations [pt 
is very doubtful whether this wouVi succeed ! ]. From further 
communications by Kosmann {Fiset/ers Jahreshr., 1882, p. 270), 
it appearisthat the absorbing ^edium was afterwards prepared 
by boiling ^uJjjhur with milk of lintc, that is, as the ordinary 
“liver of slilphur,? and* that the whole process .was entirely in 
the experimental ktage (from which it doee not seem to have 
%merged)< , o 

Barium sulphide, \^hich was expeym^ntally tried at Frgibt^rg, 
proved much too costly. * * * 

Vegetable charcoal was.iproposed Allen fB. P. 189 of 
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. 1879), passed' the gases, frbed from dust, through drying- 
towers fed with sulphuri^ acid and then thrc^ugh columns filled 
with charcoal, previously ignited jn^a stream of nitrogen, where 
the SO., is retained, \\rhilst the nitrogen passes on. By a 
vacuum or by heating to 300'' td 400", or by a combination of 
both, thb SO.3 is to be<driven out and utilised. ''(This process, 
apart from the*' prohibitory expense, is hardly practicable, 
because the gases in question contain nearly always a large 
quantity of oxygen vfhich will convert the SO^to a great extent 
into sul{)huric acid within the pores of the charcoal.) 

A totally different way of emplo) ing coal is used in one of 
the oldest processes for dealing with acid-smoke, namely, 
the gases through red-hot coals, in order to reduce the SOo to 
' sulphur. This has already been mentioned in Viviati’s 
pamphlet, “Proceedings of the Subscribers to the Fund for 
■ obviating the inconvenience a.dsing from the Smoke produced 
• by smelting Copper Ores" (London, i<S33), and in a pamphlet by 
Reich, describing the cx/)criments made at Frankfort ih 1858, 
and it has been proposed over and over again, with the same 
negative results. A new apparatus, by Schroeder and llacnisch 
('Ger. V. 33100), was said to give good results, nearly the whole 
of the SO.^ being reduced to S ; but their process evidently 
works only with rich gases, and does not deal with those poor 
gases which concern us here. ^ 

Bemelmans (Ger. P. 77335) converts the SO^ by reduction 
with carbdii and hydrogen iqto il.^S, dries this by the pi'oeess to 
be described below, mixes it with, dry SO^, and converts them 
into HoO and SO.,. 

'' 4. Various Processes for obtaining Sulphur Dioxide by 
Other Methods. 

From nitre-cake (acid sodium sui'phatc) Bottee (B. P. 6898 
of 1904) obtains neutral sulphate pnd SO^ by mixing Vhe nitre- 
cake with 12 per cent. w6od-shavings and 2 cent, coke, 
and heating in a retort provided with a stirring arrangement. 

Garroway (B. P.'iipSd of 1905) decomposes a solution of 
sodiunr bisulphite under pressure by sodium bisulphate or* 
frec'sii^ohuric acid; most of the SO^, is driven out in the cold, 
the remainder by injection of steam. 

.Flworthy* (hr. i,b ^5^254) oxidiser a mixture of sodium 
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sulphide with calcium or sodium sulphatt in a Bessemer, 
converter by air, tjius obtaining all thf S as SO.,. 

Basset? (Fr. P. 428019) l^e^^ts a mixtu/e ofcalciu^n sulphate 
and ajumina, preferably with addition f)f powdered coal, to a high . 
temperature. The reaction is*: CaSO^-f CaS = 4(‘aO + 4SO.^. 

Schildhauh and Condrea (Amcr. P.956184) obtain from 
acid-tar or sludge by heating it to 200'’ to 3db'’ in a^rotort and 
{passing into this air, pre-heated to the same degree ; the liqfeid 
hydrocarbons contained in the vapours produced are condensed 
and the remaining gases are washed, first with heavy hydro- , 
carbon oil and finally with sulphuric acid; the coke formed is 
continuously removed from the retort. 

J. S. ancl A. A. l^lowski (Amer. P. 1010221) obtain SO.^> from 
petroleum sludge by means of water, so as to obtain a dilute^ 
acid containing sufficient organic matter to decompose the acid 
on subsequent heating. The SO.^ thus obtained is purified and 
reoxidised to attain sulfihuric acid. 

• 

E . Prki'AKATion or Sulimujr Dioxidr in Till-: Pi re or 

Lniuii) State.’ 

• 

Formerly pure sulphur dioxide, free from nitrogen anJ 
excess of oxygen, was required only in tery few ca.ses for 
industrial ^^urposes. The methods employed for preparing tl\jt 
gas were various, one of the coijimonest being the action of 
coiiccnl?ratcd sulphuric acid upon copper at a higher l(?m^xTaturf^ 
This is, of Course, only applicable whcie there is a sale for tlfe 
cupric sulphate formed, *and is, moreover, ^hardly workalde 5 n a 
farge scale. C heaper and easier is the process of heating *1 
strong sulphuric acid with charcoal, when ^ mixture of ^5, 
with CO., (and CO) is obtained : • 

2S(J 1 , T C ^ 2 1 1 ,( :i r 2SO , T CC 5 .. 

ft • 

The CO and CO.^ are harmfess in^many applications of SO.^. 
Sulphur dio/idc, quitc'free from pther gases, is made by heating 
concentrated suhvliuric acid with sulphur:^ 

2S0,IL + S- 211,0 + 3S() ; 

this can be done by running a slow^sttfeam ol^sulphuric^crd on * 

^ A special treatise on the preparation, prop^rtits, and ap|)lication 5f pure 
sulphur dioxide \% Flussiges^chwefeldioxyd^ By A. ^larpf (vStuttuart. 
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, sulphur, heated t6 about 400° an iron retort. It should, 
however, be noticed that. melted sulphur ajits very strongly 
upon cast irpn ; Hence another prgcc^s, privately communicated 
^ to me from a trustworthy source, would seem preferable. The 
operation is performed in a casT-iron pan, widening out at . 
the top ‘so that a lining of acid-resisting brick»/ can be* put 
in it. i^oncentr^ated sulphuric acid is boiled with sulphur, 
which floats on the top and is kept by the brick lining from 
coming into immediate contact with the iron, whilst the lower 
part of the pan is fully exposed to the heating action of the 
fire. 

Sulphur diokide was made by the Compagnie industrielle 
des precedes Raoul Pictet ((ier. P. 22365), and was purified in 
f a special apparatus, utilising the fact that the hydrates of SO2 
all crystallise at — lO', and that gaseous SO^ at this temperature 
loses all its aqueous vapour. »We refrain from describing this 
(somewhat complicated) appjfratus, which is also described in 
the y. S(?c. CheuL hid., {>883, p. 413, as' the condensaiion of 
liquid SO2 is performed in a much simpler way by the 
Schroeder and Ilaenisch process (pp. 533 ei seq), which in fact 
has caused the above-mentioned process to be abandoned. 

P. Hart (B. P. 13950 of 1885) prepares pure sulphur dioxide 
by acting with sulphuric acid of sp. gr. 1750, on finely ground 
irpn sulphide, both being mixed in a cast-iron retort and 
heated to over 200' C, whcn«a steady stream of nearly pure 
^0.2 is evofved.^' ^ 

An old and well-known process for obtaining piire SO.^ is : 
heating ferrous sulphate with sulphur, in the presence of 
r^sufficibnt air, the reaction being: 

+ 2S + 3O -= 4 - 4S().j. 

i 

This process wasmiade the wubject^of a new patent by Terrell 
(B. P. 5930 of 1 884),” who evidently lays the greatest Stress on 
the ferric oxide remain injJ behind, which furiv^’75 a good 
paint. « ^ 

Ford's process (Amer. P. 363457) consists mainly in burning 
sulphur* by means of air previously dried with sulphuric acid, 
‘and parsing the ^ases through a worm, ^ where, by cooling and 
pressyre, liquid condensed. It is difficult to see any 

novelty what<iver in ^.his' process. < 
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Bergmann and Berjiner (Ger. P. 160940J prepare pure 30, ,■ 
by a reaction oljscrved by Garlami, tiz the absorption by 
calcium fliphosphate, whi(ih,»on Injating to 100 , liberates the 
SO. (igain. Dicalciumphosphatc absorbs SO^ even from very. 

. dilute mixtures, like fuel gases and exit gases of acjd works, 
which may *thus be utilised, the . a'')sorbent being- always 
recovcre^. The reactions are : • ^ 

• I. 2CaHP(), + 2SO_, + 2H/) - CaIl,(l’ 0 .|), + Ca(HSO,)2. 

2. CaH,(PO|),-f Ca(HS()3), = 2CaHP0,-t-2.S0j + 2fl20. 

Carpenter (Amer. P. 829765) obtains pure SO., from burner 
gases by gradual cooling, moistening with water, thus separating 
the mechanical impurities, and cooluig down to o', whereby the^ 
SOo condenses as a solution in water, while the other gases 

go away. . 

Marin (P'r. P- 374519) <-lrifs gases, especially SO.,, in a 
vertical cylinder, in which metallic trays arc placed, on which • 
calcium chloride or other dehydrating»agents arc spread [!]. 

Hegelcrand Heinz (Amcr. P. SO., gases 

from a sulphur burner with about the same quantity of 
cooled gases, to reduce the temperature betow too", pass thg 
mixture through a tower fed with watcr,^ dry and filter the 

Moulitmnd Vandoni (Fr. P. 43^30 dc.scnbe an apparatas 
consisting of a sulphur-burner, working preferably under 
pressure, followed by a heat interyhangcr, a cooling apparatus, 
and a series of compressors, where the gas is compressc^ ti) 
about 30 kg., aftervvhich it is ccoled to.about o" and passed^ 
to the liquefier. The residual gases from this, after allowingi^to • 
expand to about ?-5 kg. pressure, arc at a ten*pcrature of -70 , 
and are used fcr cooling the tubc»s of the liquefier and in the 

heat interchangers. * . ' . . r a 

The tomp. ind. des Alcocis de I’Ardcchd (B. 1 . PHS *909), 
in order to .-fiiover SQ. from solutions, project these violently 
in the foyn of a jet against tHe walls of a ea^e, after being 
.slightly heated. The SO., goes out at thtf tep, the water flows 

out at thp bottom. u 5 - • :j„ • 

The only process for preparing fiui'o hqunj sulphui ^loxide 

at work on thfe large scale is probably ^that of Schroeder and 
Haenisch, which allowst)f preparing that s^bstanefe in a cheap 
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way from gases Containing clo^n to ^ per cent. SOg. It is 
unnecessary to say that* richer #gases are bettqV for this purpose, • 
This process has made liquid sulf)l\ur dioxide a cheap article, 
manufactured on a large 'scale, and has rendered it possilple to 
employ that substance for many purposes for which formerly . 
only the^^ordinary impure gaseous SO.> was available. 

The^process df Schroeder and Haenisch, embodied in B. Ps. 
26U1, 1883; 6404 and 6405, 1885, was first taken up by tl^e. 
firm Wilhelm Grille (afterwards converted into the Aktiengesell- 
schaft fur Zink-Industrie, vormals Wilhelm Grillo) at their 
zinc-works at Ilamborn, Rhenish Prussia, where, in 1885, an 
experimental factory was erected, turning out about 12 cwt. 
liquid sulphur-dioxide per diem. The gases, testing 6 per cent. 
'SO.,, were taken from a novel kind of blende-roasting furnace, 
similar to the Rhcnania furnace described on p. 504 (system 
Julius Grillo, Ger. P. 28458). I'n 1886 four such furnaces were 
combined with a larger plant "for 8 tons SO,> i)er diem. Very 
soon after similar factories were erected at Lipine and at 
Chropaezow, in Upper Silesia, and about 1899 another at 
Bound Brook, N.j , U.S.A. (The factory at Chropaezow has 
, since been converted into an ordinary sulphuric-acid work.s.) 

The process consists in absorbing water in an ordinary 
coke-tower, and expelling it again from the resulting weak 
sf-dution by the action of heat, in such manner tba<^ the latent 
heat of the steam carried along is fully utilised, and ultimately 
♦a very siiiall arhount of coal if required. It is described by the 
ifiventors, apart from the patent.^ specifications in C/iem. Ind,, 
1884, p. 120; but tR’s description is now ^ntiquated, and we 
''sh^ll here go by later descriptions [Paper Trade journal, 1888 ; 
Z.a 7 igeiv. 67 /m., .7888, p. 488), by my personal observations of 
the work as practically carricU out, and by notcsi received from 
the inventors in 1*902. ^ , 

The burner-gases arrive in thot^flue a, a (Fig. 149), and after 
having lost part or most oi their heat ty passing, underneath 
the lead pans f, they pass into the coke-tower \yhere they 
are treated with such”a quantity of cold water that all the SOg.^ 
is conefensed (the exit gases contain only 0*05 per cent per 
‘ volumor), and only O artd pass out .at c The solution of 
sulphurous acid, containing ab()ut 10 kg. SO^ pet 1000 kg. of 
liquid, is run 't)ut by pipe d, snd first passes through an apparatus, 
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shown separately in Fig. I41, where it ncceivcs a previou.s 

heating, and the.i succc.ssively tjiroi^h^hc closed lead pah.^ e, e, 
where the heating is continued by the action of the, hot burner- 
gases acting in the flue a, a. Th*e #ipparatus, Fig. 141, serves 
for heating up the cold acid solution by the heat of the spent' 
li(|iior, resulting at a later stage of th^ process. It m built up 
by superposing a number of sheets of lead, % lb. per superficial 
foot, of considerable surface, corresponding to the*quantity of 
acid liquor to be treated. These sheets arc combined in such 
a way as to form a corresponding number of shallow lead 
chambers, about i J in. deep, superposed one over another and* 
connected with each other in the following •^vay The qckl 
liquor flows through d into the bottom chamber from left to 
right ; through a side connection occupying the whole lengtj] 
of the lateral edge, it is conveyed into the third chamber, from 
here through 0' into chamber 5^ and thus further cools the 7th 
chamber, 9th, and so forth, issuiyg at o'. The chambers No.s. 2,^ 
4, 6, and so forth, serve in the same way for running down the 
hot spent liquor obtained at a later stage of the process. This 
liquor, which enters at always Hows in a direction at right 
angles to that of the acid liquor rising yp in the .ilternate 
chambers, so that the connections for the spent liquor flowing 
riown are situate in the front and back part ^f apparatus, Fig. 141. 
In order j^o prevent a sagging of the plates, strips of lead are 
arranged in each chamber as sta^s, running in each chamber in 
the (lil-cction of the current of lic^uor. The thin sWeiits of Itfad 
being goefd conductors^ of heat, the cold acid liquor, on rising 
through chambers i, 3, 5, 7, etc.^ is gradually heated up, fvhilst 
the hot spent h?tuor, descending through the intervnediafce 
cjiambers, gives off its heat. Of cour.se there mu.st alwa/s be 
a certain difference of temperatyre and loss of heat, depending 
upon the duration of contact, the depth of. the liquid, and the 
speed df the current. Wfth chambers of#U or 2 in. depth, and* 
counter ^nrr^nts lasting ten or twelve minutes, and sufficiently 
large siHrfaces, the difference of temperature ^wil’ be about lo'" ; 
that is, the Cvjkfacid liquor will be heat<id qp ffom 15" to 85" C., 
whilst the hot spent liquor goes down frpm 95'' to C. In 
practic*e the heatilig^ up rises. tq 9^'* and the cooliflg* liquy 
descends t© 50". The cold spent is run ,to waste 

through X- 
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Later on (190^) the flat lead chambers, where leaks are 
*not' easily discovered ^nd^ repaired, were rej^aced by a set of 
small lead, cylinders working on^the system of gra(iual heat- 
exchange (counter-current).* 

* The heated-up acid liquor now travels successively through . 
the covered lead pans where the heating is# continued as 
mentioned befort>, so that' the boiling-point is attained. The 
ga^es and Vapours here evolved are conducted through pipe/ 
into the water-cooled worm and from here through the pipe n 
into the tower /, where the last remaining admixture of moisture 

* is taken out by dry calcium chloride or (preferably) by coke 
moistened with# strong sulphuric acid. From here the dry 
sulphur dioxide passes through pipe k into the pump /, The 

Jiquor heated to boiling in the pans e, which still contains 
some SO2, passes through pipe ?ii into the column where the 
steam is to a great extent condensed by injection of cold water, 
whilst nearly dry SO^ passes up in /, and thus equally gets into 
worm g and further on into the pump /. The column n is 
shown in some detail, as de.scribed in a further patent by 
Schroeder and Haenisch (Ger. P. 36721), which refers to the 
separation of steanj from its mixture with SO.m and as this is 
a* matter of general importance, we shall give their statements 
at some length. It is not easy to separate large quantities of 
aqueous vapour from a mixture with gaseous SOq, Indirect 
cooling by outward app'iicatic^n of cold water requires a very 
large leadw apparatus, and the effect is but partial, ’as the 
v\jours pass without hindrance through the central f/arts of the 
worms or othor kind of apparatus. Moreover the condensed 
water,* unless the temperature of the cobling-apparatus is* 
*ke{ffc nearly at a boiling heat, carries down .very much SO^. 
The new process effects the* removal of the steam from the 
aforesaid gaseous .mixture b}/ direct injection of water, which 
» certainly at first comlenses a good deal of SO2. if the 

acid solution thus formed ‘Is made in a systenjia^ manner 
to meet the hot^ mixture of aqueous vapour and SO2, its 
temperature will be, gradually raised and will ultimately attain 
boiling teat, and parijassu its percentage of SOg will decrease, 
so thc^ At 100° it is n early ^at .zero. The /’ohowing table shows 
the din\mution of ihe* percentage of SO^ with the rise of 
temppature :-i- , * ^ * •- 
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Percentage of a sjtu- 
• rated solution of ,SO., : — 

At 20” C. 8-6 per cent. ^ 

” ~ ” 

, ,, 40 C. - ■ 6- 1 ,, ,, ,, 

,, 50 C* ~ 4 '^ U 5 » 

60" C. - 37 ,, „ „ 

„ 70” C«- 2-6 „ „ „ 

. , „ 80'^ C - T7 „ „ „ 

„ 90" C. -- 0-9 „ „ „ 

,,100‘^C. -0-1 „ „ „ 

If.the injection of water 
is so adjusted that the 
liquid running off is at 
a temperature of 95" or 
100° C, the latter cannot, 
as shown by the preceding 
table, carry away any con- 
siderable quantity of "SO.^. 
On the other hand, if the 
course traversed is long 
enough, the steam must be 
completely condensed by 
the cold water injected. 

This process is carried 
out in the apparatus shown 
in Fig. *142, viz. a leaden 
column, filleTl in the lower 
part with stoneware dia- 
phragms, in the upper part 
with coke. The mixture 
of steam and ^SO., enters 
through pipe a and risc.^f 

in the tower. Cold water 

• 

is injected fr'bytthe rose 
condensing both water and 
^SOg, and flowing down as 
an aqueoys solution of sul- 
phurous acid. On reaching 
the lower parts, it meets 
continually fresji quantities 



Fig. 142. • • 
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, of hot gases and^ vapours, and* arrives^ at the bottom lOo” C. 
hot. It there yields iip^.again the SO^ ab^rbed higher up,, 
and at the* bottom pipe c carries Qff^buth the injected' water and 
that condensed from tWe steam. After some time of work- 
ing, and with proper regulation'of the feed, the temperature of. 
the water from the topr downwards rises regularly to a boiling 
heat, and jts percentage of SO^ diminishes at the same ratio ; 
bit the quantity of SO^, in the upper region is so considerable 
that the injected water cannot retain it all, and pipe d carries 
away a continuous stream of gaseous SO^ deprived of steam. 
The dish shape of the stoneware parts in the lower half of the 
tower has the ildvantage of retaining the descending liquor for 
some time, and exposing it to the heat of the rising steam ; but 
instead of this, coke may be u.sed all over, if the tower is made 
high enough. 

Returning to Fig. 139, we .see that the water conden.sed in 
the worm finds its way equnlly into column and is deprived 
of its SOo there. The I?ot spent liquor runs off at the'ibottom 
by pipe and is utilised, as explained before, for heating up the 
cold acid liquor in the apparatus, Fig. 140, where the entrance 
^ to the pipe <7 is visible. In order to regulate the compression 
of the gaseous sulphur dioxide to a liquid, a taffeta bag, is 
interposed in pip (5 and the motion of pump / is regulated 
according to the size of this bag. The compressepl gas enters 
through s into the worm /, apd is liquefied there by cooling and 
^pressure, ilhe tatter depending upon the temperature of the 
tooling-water, e , g . 1-26 atm. at iq“, 2-24 atm. at 2073 51 atm. at 
3o\ etc. From t the liquid runs into the wrought-iron reservoir 
Wj^from which it is drawn off into the iron bottles, 7;, or into tank- 
waggons. In or/lcr to get rid of the carried -along portions of 
oxygen and nitrogen, the boiler, u, is provided, with an outlet- 
pipe, IV, connected with ti l;'y a valve ; the gases from here are 
conducted back into the ab.sorbiiy^-towcr h, * 

Haenisch has also deseVibed an improved col,ump for boiling 
the solution of SOg (Ger. P. 52f025). In 1899 a factory in Silesia 
produced 126^ tons liquid SO2 by the above process from zinc- 
blendc gases ; the tproduction of the other works is not known. 
Thfe qost price is supposed* to be £ 7 ^ per ton (on somewhat 
arbitrary data) ; thp‘ selling price ten years ago was £% to 
I os. at the wor^s. * t ^ , 
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C^ri'ia^e f?/ Liquid Sulphur Dioxide. . • . . • 

The liquid sulphur dioxide is sent out in irop cylinders 
(bottles) holding i or 2 cwtfeach, or*iii tank-waggons of lo tons 
capacity. The former are shown in Figs. 143 and 144. When 
sent^out, the (jutlet valve is protected hy a cap a. l^dfore use 
this is removed, as well as the small cap fix^-’d on the neck h. 
If now th^ plug of the screw-valve, c, is turned by ineafis of a k^y, 
tfic sulphur dioxide escapes in gaseous fen'm through the open- 
ing in h The stuffing-box or the whole valve must uo/ be 
removed. After a time the evaporation of SO^ 
lowers the temperature to — 1»' C, so that po 
more gas is given of^till the apparatus has taken 
up heat from without. ^ 

If the sulphur dioxide is to be got out in the 
liquid form, the vessel is put on its side (Fig 144) 
in such a position, that neck h is at the top side. 
The pressure of its vaj'^our now forces the SO^ 
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out of h- The bent tube within the vessel admits of emjpty- 

ing it entirely of li^juid SO.,. This substance can be conveyed 
away by a lead pipe, screwed on to h, or even by an india-rubber 
pipe. The bottles arc tested to 50 atm. presjtire, so that there 
is no danger whatever in their trfinsit, as the vapour-tension of 
SOo amc^unts to # • 

• o atmosphere Ivcrprc'^un' at - 10" C. 

r • •O'SS 

• 1^26 „ „ • „ + ^ 

2-24 atmospheres „ „ # 30" 


V ^ ^ 

Still it is advisable not to keep the liqpifl in 

temperature rjiay rise upwards of 40 ^ 

• • 
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To prevent ov<;r-filIing, in vi6w of thf expansion by heat, the 
bottles should not be^fiy^d more than ni^b-tenths, which is- 
ascertained, both by weighing thc/n and by prolcfnging the 
outlet-tube inside to one-Henth of the depth of the vesse) ;^when 
opening the valve only gas, no' liquid, should escape. These- 
bottles ;^re usually made t,o hold lOO kg., exceptionally 506 kg. 
Besides^,' tank-wjtggons are used for 10 tons liqui^ sulphur 
dioxide, contained in three wrought-iron welded cylindei^s,. 
about 23 ft. long and 2 ft. 3 in. diameter, tested for 30 atm. 

Boake and Roberts (B. P. 19789 of 1892) find that liquid SOo 
does not act on tin or soft solder, and that therefore thesf can 
be employed in 'the manufacture of carrying- vessels. 

Carrier (Fr. P. 4028io)'describes a pump specially adapted 
for the compression of sulphur dioxide. 

Pacottet (Fr. P. 365224) describes an apparatus for measuring 
liquid SO.3, which he calls sulphitometer. 

• Soy (B. P, 12276 of 1 893) patents the process of sending out 
liquid SO.> in glass vessels sealed by the blowpipe, to be*broken 
by a hammer in the rooms to be disinfected. 

The principal uses for liquid sulphur dioxide are for refriger- 
ating-machines (P«ictet’s and others), for wood-pulp manufacture 
(to bring the calcium bisulphite liquors up to strength), for tjic 
purification of beetroot juice, for disinfecting, for bleaching, for 
tjtc manufacture of glue and gelatine. / 

Liquid sulphur dioxide lyis been applied by Behrend and 
^immerrna^hn "as a means ^ for increasing the cfficifjncy of 
steam-engines by utilising the hpat of the exhaust steam for 
evaporating SO.,. The high-pressure vapours thus produced 
,'are Utilised in an auxiliary cylinder for generating motive 
power, and are jj^fterwards again condensed to liquid SOo- 
Hitherto this system docs •not seem to haye fulfilled its 
expectations. • l ' 

The formerly rather extensive ^ise of liquid SOg^ for bringing 
calcium bisulphite liquor (for the manufacture <of, ^;ood-pulp) 
up to strength has very much decreased, since the, factories 
have improved their plant for the direct preparation of strong ^ 
sulphite liquor. « , 

‘ The, employment ofe Jhe strong obtained by the 

SchropfiJer and Haer^isch process for manufacturing sulphuric 
anhydride (fuming wi]l be mentiored in Chapter XI, 
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The analysis of liquid sirtphur clioxidofc is described in 

.i?hnge-Keane’s ^J^ecJinical Metlio(i^ of. Chemical Analysis^ vol. 
p. 305. • * * • - 

,F, Draught-pipes and Flues. Rlmoval ov Flue-dust 

* • AND OTHER ImPU^G^IKS. *. 

The fkies conveying the burner-gases from the «kifns into 
the chambers or into the Glover towers. may be constructed 
of brickwork only so far as the gases keep hot enough not to 
allow any moisture whatever to condense, that is especially 
in upright flues and flue-dust chambers. Fi^jm this point 
they must be made of cast iron, apd further on, when they 
have cooled down, of lead. 

The gas, which goes away red-hot from the burners, must 
necessarily be cooled doivn to the temperature of the chambers, 
say 60'' or 80" C. ; otherwise the first chamber would be very 
quickly destroyed. This cooling was formerly effected by 
conveyTng the burner-gas in very loftg flues of cast iron, or 
partly of cast iron, and, when partially cooletl, of lead. Such 
cooling-flues were made up to 300 ft. long. 

The cast-iron pipes are .suitably shaped, as sliown in Fig. 145, - 



Fig. 145. Fig. 146. 


in order that the upper haF may, be replaccKl independently 
of the lo^^er, or taken away J'or cleaning ; •the latter can also 
be done li^’ ^m^ans of manholes. For a set of from 12 to 18 
burners a*pipe of*2 ft. diameter i^ sufficient; biit^they are now 
and then made upwards of 3 ft. in diameter. * Sometimes they 
are lined^with fire-bricks, as shown in J^ig. 146; the ijDoling 
in this case is very imperfect and the»jo#t highen Occa^ou^lly, 
in very large works, square or oblong fluc§ of wrought ^r, cast 
iron are found^. Brick ^flues (lor pprpAidjcular shafts or .for 
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. flue*(dust chambefs) are made of brickjj boiled in tar, and set 
with tar and sand. • I^xrthenware pipes /nostly crack too • 
quickly. r 

Perpendicular stacks •'and pipes act as a sort of cfiipmey, 
and they are therefore carried up nearly to the top of the. 
chambofs where there «s , no Glover tower. These pipes were 
sometimcjj outwaVdly cooled by water, and even very complicated 
ccllitrivances were met with for this purpose. It has long beqn. 
recogni.sed that the only rational way of cooling the burner-gas 
, is this: taking away its heat for some useful purpose, and this 
is almost everywhere done in the Glover tower (Chapter^VI.). 
Apart from this, the heat of the burner-gas is occasionally 
utilised for concentrating acid in lead pans (Chapters IV. and IX.). 



^ • Fig. 147. ^ 

V 

•Sometirfies other ways of dis^oosing of this heat are employed, 
flips at the manure-works of rMessrs H. and E. Albert, at 
Biebrich-on-the-Rhiue (see Fig. 147), each pyrites-kiln. A, is 
* ' sUif'rnounted by a gas-chamber, B ; the burner-gases ente^* by 
the holes a, proviJed with shut-off valves, and through similar 
openings, get into the pipd li, leading to the Glover tower C ; 
j a third opening, I, permits sending ^the gas direct into d and C. 
In each of the charnbers B there ?rc horizontal ca{?t-iron pipes, 
e, branching off from a main pipe /, in.lo whiclp art^'is forced 
by a fan-blast, ''This air, being exposed to *t^he hot burner- 
gases, becomes hdt iVself, and leaves the chambers in order to, 
be carried away by Vh« main pipe //. This heated ai^j- is then 
conveyed to drying-stovt;.s/\vhere the s^iiperphosphate is dried 
by its A’ction. At Albert's works the temperaturt* of the air is 
brought to iJ>u' C.,{)ut ft aiay be kept cooler or hotter (up to 
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'^^135') by regulating the speech of the fan-bfest. The burner-. 

. ^as, entering thi^ugh d into tli^ Glover tower C, ’is still hot 
enough ifo do all the coi-Kjent rating and denitiating work 
requbed ; the Glover towers are not ^ overheated and require , 
.less repairs than formerly; the acid flows from them only at 
ii5*to 120'', against 140" as before {hjt new arrangenJent, and 
requires less cooling for the Gay-Lussac tovfers. The saving 
in coals for the drying-stoves is 5 tons per diem (cf. the desertp- 
tion, with further diagrams, in Z. ajtgcw. Chem., 1889, p. 287; 
also B. P. of Albert, P'ellncr, and Ziegler, 15980 of 1888). 

^chlippcnbach (Ger. P. 22542 1) conducts pyrites-burner gas of 
very different composition, obtained in different places at the 
same time, to two separate collcct^ng-placcs, so that each of 
them receives an uninterrupted current of gas of the same* 
composition ; thereupon these two gas currents are suitably 
mixed and passed on to the acid'chambers. 

The same object is pursued* in the Amer. P. 962498 of 
Channfng and Falding for utilising t^e gases obtained in the 
“ pyritic smelting ” of sulphide copper ores. 

The Tcntelewsche Chemische Fabrik (Ger. P. 244838) cools 
pyrites-burner gases by means of a tower,* with gas-inlet at, 
the top and outlet at the bottom, sunounded by a cooling- 
jacket, and filled with perpendicular hollow plates in connection 
with that jp'jket. The British patent for this process hjs bcti^ 
taken out by Eschellmann and llarmuth (B. P. 14670 of 1911). 

* . t . • 

PnrijicatioH of Burn^cr-^lises front Flue-dust. • 

In the gas-flues and draught pipes ^flue-dust is alw*ays 
c^epQsited, much more when smalls are burnt than with lurpp * 
ore, especially in furnaces where the small ore# is moved about. 
In such cases j^pccial dust-chamliers are indispensable, as has 
been remarked in the 'dc^criptit.^1 of those* furnaces. Even 
when bu^ninjg ore in large lijinps the flue^ and pipes must be 
cleaned (jat, ffom time to time, as they would otherwise be 
stopped up entirely. At some Victories this i« done monthly, 
^at others more rarely. If the deposit is apllowed to remain too 
long, it hardens into a stone-like mass, vvjiioh cannot be Jot out 
without stopping the^prpeess. * *» • • # * 

The composition of this deposit varies, g)f course, very*niuch ; 
and even its external iispect varicii from ^hat of a dry, light 
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dust, to that of thick, strongly acid mud. It generally 
contains a' large proportion ,of arsenic. Ckpham analysed 
such a dep©fiit, from a solirce nol^ mentioned (Richardson and 
Watts, Clieni. Teclin.^ i. 3,V-*70), and found : — 


^ Sand, etc. .... 2-333 

« Lead oxide . . . 1-^83 

• Ferric txide .... 3-700 

Cupric oxide .... trace 

Zinc oxide * . . . . trace 

Arsenioiis acid .... ^^^'777 

Sulphunc acid .... 25-266 

Nitric a( id .... trace 

WateV ..... 8-000 


99*759 


JL9. Playfair {Chem. AVao', xxxix. p. 245) examined fluc-diist 
from pyrites- kilns, in which hejound chiefly arsenic, antimony, 
lead, copper, and iron ; of thaljium o-oo3 t()0-05, of tellurium and 
selenium 0 001 per cent, was present. He describes ii^ detail 
the analytical methods employed. 

Reich {Erdmann's Journal, xc. p. 176) found in the Muldcn 
Works a crystallised deposit consisting of equal molecules of 
&rsenious and sulphuric anhydride. Similar deposits have been 
frequently observeck since. * 

In other cases the deposit is dry dust, mostly consisting of 
mechanically conveyed' pyrites-dust, better burnt than that 
\lithin the burner itself (Bode, Beitragc, p. 41), and* nearly 
always containing so much a/senic that its crystals ean be seen 
with the naked eye. 

B. A. Smith {CJiemistry oj' Sulphiiric-Wcid-making^ found 
in' the dust 46 36 per cent, of As., 0 ^, together with a large 
quantity of sulphur in the pa^ty condition — the latter, of course, 
formed by sublim/ition from pyrites. 

The flue-dust is* also a princi^&l source of i/iallihm, as we 
shall see ; and when selenm.n occurs in the pyriteS (f,, is found 
in the flue-dust. ^ t ' ^ ' 

/?f.f;;/«///,to*thq e>^tent of 3-5 to 4-0 per cent.*, has been found 
in the^ flue-du^t frpm Rio Tinto ore by E. Gibbon {Cheni.* 
. Frade^^., 1905, xxxvi., ^SS), who proposes to recover it by 
extracting the dusf with hydrochloric acid sp. gr. 1-07, allowing 
the ^solution to clear^ prte^ipitating the J)ismuth as oxychloride, 
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BiOCl, by dilution with watef, heating and> agitating, and at., 
ikst filter-pressing and washing ihe preaipitate. 

The fkie-dust from the roasting o? blende is, of4.\3iirsc, quite 
differently composed from that formed in burning [)yrites. Such ^ 
flue- 3 ust contains {Fischer's jahresber., 1882, p. 273): — 


Zinc oxidennsolublc . 

„ in soluble combination 
I^erroiis oxide, soluble 
Ferric oxide, „ 

Lead oxide 

Sulphuric acid, insoluble 
„ soluble 

Water .... 
Residue (chiefly ferric oxide) . 




.7-S0J-' 

• 8-20] 
12-00/ 

2-i6 

2-52 

2-40 

4-20 

3-38 

4-26 

20-43 • 

8-04 1 

18-84 J 


9-00 

31-80 

32-42 

99-42 

99-48 


Flue-dust from the St Mard> Tinto Santurossa pyrites (</ 
Lung^and Banziger,'j'«/’/(>, p. 8o) c(|iitaiiied sulphur: sulphur 
free O' 13 per cent. ; ditto as sulphide l•48 ; SO.^ as free su’phurk 
acid and sulphates 16-31 ; As., 0 ., 69-07 ; Sb./).(i'OH, CuOo-i4 
Fe.O^ 2-03 ; sand 2-65 ; water, traces of otli^r substances anc 

loss 6-51. 

' Bellingrodt {Chan. Zcil., 1886, p. 1039) toind 111 the lluc-dus 
from roa.stiiig blende at Oberhausen (Rhenish Prussia) a sufhcicyj 
quantity of nierciiry to make its recovery profitable. 

KriJUse (Ger. B. 55676) washes the flue-du*.l frt)n» blende 
furnaces, artd tries to recove^ the zinc from the washmg.s^ 1> 
precipitation with alkaline carhonptes. 

♦ Where thciuantityofflue-dustis very 4 ar^. 

as is generally the case with arsenical ores, jjnd with some i 
the burners for pyrites-smalls, the 'ordinary dust-chambers, whic 
form simply enlargement.^ of the lyis-flue are.uot suflicient, an 
special contrivances mu.st b’c’ adopted. This matter has bee 
thorougliJ^' worked out in the IcaeAsmeltmg works and otlu 
metallurgical establishments, and a large nuiiiber of apparati 
have been coiTsfructed for this purpos.}. .A very complel 
* synopsis of this is given in the pamphlet^bv G. .A. 

Verdkhtung des UiUiaq-imchs (StwU^raji, i8S8^, pp. 8-36^ Mai 
of the contrivances employed at lead-wotks*etc., are unsuita 
for pyrites, on account 9f being made.of ir^n. B«t the geqer 
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principles remain Aha same: the flue-dust must be made to 
deposit by cooling, bycrefardjng the speed «of the gaseous 
current, and. by Offering to it lar/je surfaces to whieh it can 
attach itself.' All these sonditions arc more or less fulfilled 
by making the gas-flues adequate'ly long and wide, but this is 
not sufficient in many c^ses, especially for arsenical ores. The 
case is here complicated by the fact that the cooling of the 
gas* may be injurious to the chamber process, and that the 



Fig. 148. 



' • Fig. 149. « 

( 

long flues, especially those carried in a zigzag way or provided 
with “ baffle-walls,!’ interfere ^very seriou.sly with the draught. 
The latter disadvantage has teen greatly lessened, sinte it has 
been recognised that it is finneccssary to carry. tne» gases in 
flues like those sketched in Kigs. 148 aiid 149 (in the former 
the diagram may he t/iken either as plan or elevation), where 
the current of gas ,is constantly checked by meeting solid 
surfaces* but that the surficts may be dippOsed in the direction 
of the .cwrrent itself,' w.hhre tWy cause the dust to be deposited 
on tljein withewt interfering with the drjiught. Fig. 150 shows 
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how this can be done in such* a way that tlte flue-dust can bQ 

Removed withoi#t interfering ^yith,the process. The gases 
arriving "through a are^ by mcan^ of darnpers.,*sent either 
through chamber A or if. In the vr^^scnt case, the dampers^ 
dy ^,*being closed, the gases travel througli A. P"ach chamber 
is cfivided in"^o several longitudinal cb^iuniels by thin jV^rtitions, 

* dy dy made of masonry, fireclay slabs, lead,* or other* suitable 
materiaf The gas thus travels in parallel streams, witliout 
any check than that of the indispcns*able friction, and the 
streams collect again into one, issuing at r. When chamber A^ 
isToo much choked up by dust, the dampers/^,/' are opened, 
the dampers 6*, c arc shut, and the gases nowtravel through B, 



Fig. 150. 4 

•f 

giving* an opportunity to clean'oiit chamber .A l^<ncans*ol 

suitable rrfenholes. , , • • , ,i * 

In very bad cases, as, for instance, with mechanical Hust- 
•burjiers, longitudinal partitions are not sufficient, and rea 4 
baffle-plates must be employed, as shown in^higs. 148 and 149, 
and very much multiplied in F^s. 114 and 115 (p. 48 >)- I" 
such cases the loss of drau^ffit must be somo^ies compensated 

by meclfanical means. * , „ , , . 

In reo.ny cases, where very largb quantities of flue-dust have 
to be debit with, the gases mus> be rw/ce/ arti/idally. This was 
done at the Fr*eiberg works by a special Ifind oHcad flue, codec 
by water, as sketched in Fig.s. 15 1 and 1^2, the first «f whicl 
represents a longituyipal sectioif cki Ijie line A B, the^seCond < 
sectional plan on the line C D. ThS^sfdcs of the .flue ar. 
formed by a^nuniber pf oblong pip«s* joined togetl^pr a 
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' ^ ' ' ' 
their narrow ends* On the top'^there is a shallow trough, 

supplied with a constan^ stream of water whif/A trickles down^ • 
through hol6?, shown in the diagr^n], into the space and 
(rom these through other* holes into the common chai\nel 
running lengthways. The bottom of the flue is not water- . 
cooled, blit as it rests on nt\\c small pillars d, d it ir exposed to 
the action o^ the air. These flues arc very expensive |o build, 
but*i:hey have been found to do their work very well indeed,^ 


X 



Fig. 152. 


and they need nt^xt to no repairs (detailed in the Freiberger 
Jahrbuchy 1S79, p. 151, table Of the 2 or 15 per cent, of 

arsenic contained dn the Freiberg ores, by far the greatest 
portion (97 per cent.) is condensed in these long fluc%, where 
the gases are ultimately cooled down to the tempe^ratmts of the 
outer air. , * 

Bauer {Jahresber. ^ Berg- u, Huttenw,^ 18^)4, p. 39) states 
that th& nine sols ol chambers connected with the Freiberg 
smeltitig-jvorks (containieg^« Hiirty Icacjl ‘chambers) possess 
8037 n^. of flues, of *3-^*sq. m. section. The flue-dust in 1893 
contajned ii37*kg. si^vei*, 1656 tons lea4 and 917 tons arsenic, 
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valued at ^13,600. Eighty ptr cent, of thcidust was recovered, 
‘20 per cent, haf^ hitherto been, lost* The damages to be* paid • 
had diirfinished from to ^ In that y.ear new flues 

on ^tlje Monier-Freudenber^ system were built for recovering • 
the last 20 per cent, of dust. The rate of cooling of the gases 
was F C. per 8-3 m. length in ^cW^^ed-in Mon ier •flues, per 
4*5 m. ijji freely exposed Monier flues, per 3*m. in Je^xlen flues, 
^and per 6 m. in brick flues. • 

In 1902 I was informed that the water-covered flues have 
been abandoned at Freiberg as being too costly, and have been 
replaced by simple lead tunnels. Where the heat is too great 
for the stability of the latter, brick flues arc efin ployed. 

Falding {Min. Ind., ix. p. 62^) describes a du.st-catchcr, 
constructed by A. P. O’Brien, of Richmond, Va., on the we 4 i- 
known centrifugal principle. It works in connection with the 
cast-iron fan of the same inventor, described in (diaptcr VI., 
and receives the gas from fjve Herreshoff fines furnaces^ 
retaining 75 per cent, of the dust. ^At the same lime it does 
very efficient service as a metre-oven. As shown in Figs. 153 
and 1 54, it consists of a tapering, hopper-shaped iron shell, 8 ft. , 
wide in the cylindrical part and 12 ft. high,iwith a 6-in. opening 
in the bottom for the discharge of flue-dust. It is lined with 
4 in. firebrick. The gas enters through the top pipe at a high 
rate of spied from the fan and strikes/he cylinder tangentialiy ; 
it leaves the apparatus through a central pipe. The gas takes 
a rot?iry motion and deposits^ all the hea\^ dfisf, whicl^ is 
automatic*ally discharged i;hrough the 6-in. opening, ^ix 
tubular nitre-pots arc arranged, in the manner shown, so that 
* th«y can be charged from the top and discharged sidewi^y.s^ 

Morton and ’the United Alkali (B* P. i 74 ^t of 1906) 
remove fluc-^dust, c.g. from Herreshoff furnaces, which consists 
chiefly of magnetic oxic?e jf iron, by means t)f a number of plates^ 
of magnetic metal, placed .sjde by side in the flue, on either side 
of which the^c is a pole of an electro-magnet. Prom time to 
time th*p electric current is interrupted, whereupon the dust 
collected on the plates falls into a hojiper below. 

Th^ Metallic Compounds Separaticsi Syndicate •(Ger. P. 
153641) combine a* number *01, 4)urncr.s, with common 
chamber, irt which the dust is precipitated by scr,^pentine 
channels. 
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Shields (B. Ps. ^6353 and 1635^. of 190^4 ; Ger. Ps. i8cx)70 and 
i8(X)7i) conducts the buniQr-ga.ses beneath or hito a constant!/ 
replenished •}>.eap of porouJ or gray.ul^ar material, such*- as coke, 
crushed slag, or the like, which, as it collects the dust, is ^ravvn 
away from the bottom of the heap by a conveyer, and is elevated 
to pass iAto a separator the removal of the dnst, and then 
restored •through a funnel hopper in a clean, hot state to the 


r 



top of the heap. The recepta#»le for the filtering , material is of 
conical shape, witUits apex downwards, and about the centre of 
the heap the gases are passed in through a pipe imrhediately 
under a horizontal disk, beftcath which a cavity , is ’th«s main- 
tained. Another /orm of apparutus is also shown, in which the 
filtering materral descends slowly between sets of inclined 
shelves %rrangcckin a* cylindrical or rectangular form. 

Cdlajius (B. 2208^) ^of *1905) purifies the burner-gases 

from (^u«t and from *ni^frous oxides by producing in them, both 
before entering andj after jeaving the, chambers, a whirling 
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motion and tnrowing them against a damp <:lay wall, or against 
^damp coke. • • • • 

A vtiry com*pletc plan^ for purifying biirne’*-gascs (from 
mecltanical furnaces) from dust 4 hat built by Gilchrist and 
described by Hartmann and Benkcr in a?ii^ru<. Cheni.^ 1906, 
pjj. 1 188 • 

The Maschinenfabrikcn Augsburg and»Nurnberg (Gcr. V. 
169818^ blow the gases repeatedly through tfie purifying 

* apparatus by means of a circular condiict, provided with small 
outlet openings. 

Scheibe (Ger. P. 184038) describes a special form of fans, 
intended for separating solid or fluid from gifteous particles. 

Reese (Amer. P. 989801) cooH the gases, scrubs them with 
sulphuric acid, and passes them through a dry lime filter. • 
Benker and Hartmann (P'r. P. 3 ^ 745 ^^^) pass the burner-gases 
horizontally through vertical* filters composed of pieces of 
firebricks or stones, contained hedween vertical perforated walls. 
The,bottom of the filtering column j*ests on a vertical rotating 
roller, which continually carries away a small quantity of the 
filtering-material to a rotating drum, in which it is deprived of^ 
the dust with which it is laden. It then fays into a receptacle, 
from which a conveyer returns it to the top of the filtering- 

column. • 

Scherienberg and Prager (Ger. P 203948) emiDloy (Just- 
chambers with bafding waljs, all inner surfaces being 

corrifgated. • * • . 

Herr^shoff (Amer. ,Ps. , 940^95 and. (94059^0 Passes bimicr- 
ga.scs through scrubbing-towers, sprayed with weaft acid 

• containing SOo And then through filteVs. . 

The same inventor (Amer. Ps. 055067 and 969868) washes 
burner-rrascs by forming a continuob ;, annular film of sul})huric 
acid • they may also bo cooled during thcir4)assage through this.^ 
Brandenburg migAv. C/iek, 1909, PP- 2490-2492) describes 
a centrifugal dust-catcher® similar to those which have been 
found Wry efficient ni connection with blast.-furnaces. 

VJrlghti^f^g.and Min,/., 1910. p.^n.) ^'dund in the gases 
from mechanical dust-burners, after they had traversal a sma 
dust-cliamber witfi ^ velocity M^i.ft. per .second, stilh 0-28 g. 
dust per oubic metre; and, after pas^dn£ through washing- 

tower and a long tijl^e, still o n 

• • 
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Gayer and Witter (Ger. P. 2*27387) employ a box with a 
horizontal shaft, provided \jdth , beating-arms, v^volving severaT 
hundred tiimes per minutfe, and Tnoistcned by water-sprays. 
The beaters are placed on^tKe shaft in a screw-line. The. gases 
enter at the bottom and go out at the top. 

Hcin^ (Ger. P. 230 182^ arranges in the dust-chavnber slanting 
plates, reaching a httle more than half-way through, an(J leaving 
a distance oY 3 or 4 mm. from the side free for a small portion 
of the gases to pass through, so that whirls are formed. 



• ^ Fig. 155. 


Krowatschck (Ger. P. appl. K453(Hi of 1911) describes a 
very similar arrangeinent. * * 

Howard (Amer. V. .8961 11; re-issue 8th March ait<l 13th 
September 1910; this patent is .held by the Gq^peral Chemical 
Co. of New Yuris') dc.scrjbes a dust-.separator cofit'aining a great 
number ^f horizpntal^ steel plates between which the ga.ses 
pass fr«n^ one side to the o^hor.* It is .sho\\'*ii in P'ig. 1^55, and 
consists of^; A, brick entrknee flue ; H, cast-iron damper, operated 
from without ; Q, cast-iron , ring-plate ove^r which B closes ; D, 
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vestibule *from which the gas enters bctwejpn the horizontal 

^eel plates, E, 2^ in. a*part from one^ngther, and gets into space 
F. They strike 'against the baffle-'^all G, and lr,.ve through 
the flue H, covered by ihft cpt-ir^ri^ pfate 1 , provided with an^ 
opeiling for the damper J ; K is the outlet ; L, cleaning-holes 
with covers. ^ The outside brick wal^s are 19 in. tt«ck, with 
a I in. insulating space. The interior wjklls are in. red 
brick. ^ ' • 

• The velocity of the gas in passing between the steel plates 
is checked by the large area of cross-section, and, since these 
plates are only 2 \ in. apart, each dust particle needs to fall* 
only 2j in. (in.stead of 6 or 8 ft. as in the old-fashioned practice) 
before finding a surface on which it stick.s. Under ordinary 
circumstances the plates need not be cleaned any oftener tha® 
once in thirty or forty days. For that purpose the covers are 
removed from the clearing-holes L, and the dust is taken out. 

These separators are made foj* a capacity of 24,000 to 60,000 ^ 
lb. of* ore per day in two compartments, or from 72,000 to 
80,000 lb. in four c()in[)artmcnts. There arc five sizes, with from 
6540 to 18,700 superficial ft. of plate area, and a vertical 
height of from 27 to 31 ft.; ground space required 17 to 
31 X 27 ft. 

• • 

/7/e 17irificatio}i of Ihtrncr-i^dscs from I.ujuid and Gaseous 
• Contaminationf. * * 

Tl'Jis is a very necessary nfatter where tjie ^s^s arc no 
serve for t4ie manufacturp of by contact processes, and ^e 
shall in the chapter dealing with^thc.se processes make frequent 
•mention of procesjfcs for the purification 8f such gases. . ^ 

*In this chapter we only treat of the purification of burner- 
gases for ordinary purposes (le^ad Clrimbers, manufacture of 
liquid sulphur dioxide, .of sulphites, etc.)^ The mechanical 
impurities are frequently ifientioned in other places, especiall) 
in conn(*cti 6 n with the Glovtr towc?r, and are dealt with, in the 
first ins*tance, by cTust-chambers (p. 545)-, 
purposes* this ii fiot sufficient, and, moreen’er, a Chemical purifica- 
* tion is necessary for various uses of th^^ buj'ner-gas^'. 1 he 
Metallufgischc Gcsdlschaft, Frankfort (^.cr. P. 161017 )^, describe 
a process far the uninterrupted simultfinebus mecharucal and 
chemical purification ^ and cooling. burner^gases. Ihey 
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employ a water-fq^:! tower, provided with inside shelves, with a 
vessel placed about mid\vays^, where there e-s not yet mucfn . 
sulphuric acid dissolved iVi the wjjter run in at the top. Up to 
that point the water has principally ^performed a cooling action 
and a mechanical purification upon the gases; it runs out from . 
the aboye-mcntioned vessel through an overflow, y.nd part df it, 
after cooling, is u?.ed over again in the upper part of the tower, 
another portion being sprayed into the lower part, for the 
purpose of chemical purification of the gas. The quantity of 
water used here is regulated in such manner that it comes to 
about 70 , at which temperature it absorbs hardly any 80.2^ and 
carries away mcf-ely sulphuric acid and ferric-oxide mud. 

The Tcntclewsche Cltemische Fabrik (Ger. P. 194176) 
•purifies the burner-gases from chlorine, etc., by first applying a 
dust-chamber and a water cooler, then taking out the sulphuric- 
acid fog and the last portions of dust by a coke filter, and 
ultimately removing the chlowne by a solution of alkali or milk 
of lime. A special de.scription of their filter is fo^nd in 
Ger. P. 230585. 

The same firm (Fr. P. 431067) purifies gases from pyrites- 
burners as follow.*^ A circular tower, built in sections, is sur- 
rounded by an annular space for cooling-water, which connects 
with hollow vertical partitions crossing each section, the whole 
b^ing built of lead ai\d supported over a circuk^j trough in 
which it is sealed by "sulphuric acid. The gases from the 
tyurners enfer fttom the top and leave at the bottom, whilst the 
c6oling-watcr passes in the op^os4e direction throu^i the cylin- 
drical jacket and the hollow partitions. The burner-gases can 
'be cooled from 50o''*^to the ordinary temperature, and all, the* 
sulphuric-acid fog they contain .separated as a liquid. The lid 
of the apparatus is removable, and easy access i.s thus afforded 
for cleaning, which, however, ps only nece.s.sary at long intervals. 

Sulphur dioxide^ gases for the mayiiifacture of \voodfulp 
ought to be as free as pos'siblc, not merely fronj ^jue«dust but 
also from sulphurf acid (or sulphur trioxide). For this purpose 
very efficient cfust^chqmbers must be provided; the gas must^ 
also be specially cooled, eg, by perpendicular cast-iron pipes, 
2 ft. 6 n|. diameter, runnWig*u(j for a height of 50 or (?0 ft. and 
down again; the)''ep*d in a lead-lined pipe provided with a 
mai\hole and filled irop borings, /iere the sulphuric acid. 
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which is condensed b}4 the codling, collects, jfnd is taken ug by. 
tTie iron boring^^ Provision iTi*ist fee nnade for removing the * 
solution 5f ferrous sulphatf formed^ ancl for renev^ftig the iron 
boripgs as they waste awajf. (A* description of such an, 
apparatus is found in Papicr-Zeit.^ 1894, pj^. 2099 and 2130.) 

A more efTicient removal of the SO, »nd H.SO4 is effected by 
the apparatus of Nemethy (Ger. P. 48285 of f889), i;i which the 
gases from the burner pass through a large box containing kon 
borings, etc., before entering the cooling-apparatus (cf. p. 407). 

Collett and Eckardt (Ger. P. 244841) purify the burner gases, 
for ^hat purpose, after properly regulating their oxygen con- 
tents, by allowing them to act upon ammonium sulphite at a 
higher temperature, whereby all tlie ammonium sulphite can 
be transformed into practically pure sulphate. 

Projahn (Ger. P. 221847) purifies burner-gases from 
by passing them at a high temperature over a porous mass of 
aluminium sulphate, as it is obtifined by heating such sulphate • 
containing water. This mass is pl^ed behind the pyrites or 
blende roasters, and retains not merely arsenic, but also 
and flue-dust, practically at no expense. 

Ilerreshoff and the General Chemical Co»(Amer. P. 96986^) 
cool and purify pyrites-burner gases by producing between the 
wall and the gases a pellicle of liquid whfch also protects the 

metallic w:*lls against destruction. / • !* 

Duron (B. P. 98f')9 of 1910) frst takes out the coarsest im- 
purities, especially Fe and As, 1 ^- filtration thVoug^i suita^e 
substance*containing ierrk snlphatc, cooling down in the mean- 
time, then heating and cooling with spri^yed sulphuric acid of 
* abftut 30° Ik , then passing upwards through a scrubbinff tgwct» 
sprinkled with water, then through filt jr chambers charged with 
inert materials, and then raishig them to the temperature 
required for the lead-chaniher or.lhe contact process by means , 
of a heater.arranged withiP,the ordinary purifier and heated by 
the hot gaiei to be purified. 

Fluo%ine m^V get into gases through the presence of fluor-spar 
. in the pyrites, and may do damage to tWe towers and chambers^ 
Klenckf (Fr. P. 40^417) removes it by tfcatiftg the gjses^with 
denitrated sulphuric acid in an em>ty tpwer, and aftcjiwards by 
nitrous vitriol in another tower fitted* with perforated lead 
shelves. 
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Selenium was formerly consicTered as non-essential impurity 

of sulphuric acid, on acoount of its small /Quantity. Klason • 
and Mellqhjst {Papier-Z^t., 191^ p. 767), however, ‘state that 
selenium not merely causes the ‘red coloration of Glover^ and 
chamber-acid, but acts in a much more serious way in the 
manufac^ture of sulphite r^qllulose, as has been ma<Liifested in the 
applicatiorj of Fdlun pyrites. As little as i mg. selqnium per 
litye of acid may, by catalytic action, completely convert tl^p . 
SO2 into fGSOj and S. Tellurium acts in a similar way, but 
comes hardly into question, owing to the high boiling-point of 
tl^e free metal and its oxides. This injurious action of the 
Falun pyrites h^s caused some of the Swedish sulphite-cellulose 
makers to abandon it in favour of Sicilian brimstone. 

c 

G. A Composition of the Burner-gas. 

^ I. Composition of the Burner-gas from Burning Brimstone. 

Atmospheric air contains, roughly speaking, 21 per cent, by 
volume of oxygen, and 79 per cent, nitrogen.^ If it were possible 
to convert all the oxygen into sulphur dioxide, the volume 
would not be changed, since i mol. furnishes i mol. SO^. 

In the case of making sulphur dioxide for the manufacture 
of wood-pulp, we wknt to render it as free as possible from un- 
cp^nbin^d oxygen. Ifot; for the manufacture of sulphuric acid 
we must introduce into the 'burner sufficient oxygen for the 
s^sequent* formation of sulphuric acid, and a certain excess 
i.s^practically necessary in the process. For the former object 
we must at once increase the oxygen by 50 per cent., as 2SO.^ 
€ f-equife O2 for the formation of SO3, and the theoretical maxi- 
mum of SO2 in the burner-gas would therefore be 14 per cent., 
together with 7 per cent. oX’ygen and 79 per cent, nitrogen. 
Practically we must have an excels of oxygen equa] to 5 per 
cent, of the exit-gases from the ^vstem, together ,with 95 per 
cent. N. ^ 

If we call the unknown vcxlume in the bhrner-gr.s of this 

* Of fourse this^itcmj‘ nitrogen ” comprises argon, helium, and all other 
indiffe^erfv gases recently distover^ atmospheric Kir. To simplify matters, 
we shall tfiroughout tljis hook •omit the special mention of these gases, 
which, jLS*far as we know^’ in sulphuric-acid making play exactly the same 
inert part as elen'fcntary atmospheric nitrogen. »• 
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excess oxygen =.tr, it niust carry along ^ x fols. N, Ta this* 

are addeci 79 vols. N, entering together with the^.2i vols. O 
require;d for forming 14 vols. vf SCf,«:uicl converting them into ^ 
SO3/ The volume of the total N and of the excess oxygen ' 
reqifired in pr^icticc for each 14 vols. oi^SO.^ iiitroduccd*into the 
chambers thus amounts to 

7 () ,100 

• 79 + - ^ 79 + 

21 21 


X was stated to form 5 per cent. = 
We have thus the equation 


\c of this volume. 


100 

79 + 


79^ 

20 21 


5 ,». 


From this follows ; — 

A 



79 ^ 

20 


.V 


79X 21 
20 X 16 


5. vols. ; 


that is, besides the theoretical quantities of gas mentioned 
above, another 5'iS vols. of oxygen, along with the correspond- 
ing 5 -i8x^ =19-50 vols. of nitrogen, iffe necessary. The 

gaseous mixture formed in the sulphiir-»urner accordingly ou^Jt 

to cont*iin upon each • ^ • • 

14 ^ vols of SOo, * 

7 4- 5-16- 1^-18 „ O, and 

79 -f 1 9- 50 ^98-50 , „ N. 

* 124-68 vols. * • ' 

From this the following comp^ositK>n for f 1 . of this gaseous 

mixture is computed : — , 

► 01W23 line SOo 

0 - 0971 ' „ 

, 0-7900 „ N 

1- oooo ,J 

• That is to say : 'f/ie normal quantity t/SO. in burncr-gg^s from 
brimstoffe-burners is *11-23 per ceu^. by volume • • 

This norijial quantity can be attained ^by proper Cefl-Cj^but is 

frequently not reached.^ 
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2. Coinposiiionf^ of the Burner-gas fropi burning Pyrites. ^ 

The proportion of air required in this case ^differs v^ery much 
from the pfeccding. VVe «shall haiculatc this for pure iron 
disulphide. This body consists of 46-66 per cent. Fe and 53-33 
per centos, • 

Although in tl]^e comfeifstion of dense pyrites sometimes the 
iron is not all oxidised* up to Fe.^Oy, and a little magnetic oxide, 
Fe^^, is formed, we must suppose the complete conversion cfT 
iron into Fe203 as the normal state to be aimed at for complete 
' utilisation of the sulphur. Consequently 2 mols. or 240 parts of 
FeSo require 3 4toms = 48 parts O for oxidising the iron,*and 
another 8 atoms = 1 28 parts O for burning the S into SOo. Alto- 
gether II atoms =176 parts oxygen are necessary for burning, 
and another 4 atoms of oxygen = 64 parts for changing the 
formed 4 mols. = 256 parts of^ SO, into SO3. From this we 
calculate that for each thousand parts of FeS.^., 

200 parts oxygen are required for oxidising the iron, 

533 ^) „ „ „ forming SO.j, 

266_rJ „ „ ,, oxidising this to SO { 

1000 „ in all. 

L 

' Now here also an excess of oxygen must be used, even larger 
than in the case of brimstone, which we will assume to amount 
to 6-4 per cent, by volume in the gas leaving the chambers. If 
we call the unknown volume of^oxygen in excess to be introduced 
fon each kiU^gram of S employed as FeSj,, ,r litre, the vorume of 

nitrogen accompanying it is ^ x Htre. Both together and the 

,4933*2 introduced along with the O^requisite for cqm-" 

bustion and formation ofSOg, form the gaseous mixture escaping 
at the end, the volume of whiqh is therefore 


6 79 100 

4933.3X-^'+ - 4^33-3 + 

As jiT is of this volume, we have 
100 « 


^•6.4 


/ 100 \ 

(4933-3 + 


i< •*=.4SV«^- 

Actordingly for e'acfi kilogram of S burnt as FeSj, apart 

f f « C , 
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from the theoretical 62447 1. air, another ^454- 1 I. oxygen, 

'together with = 1708-4 I. iytrbgen—that is, 2162-5 I. 

air — altogether 8407-2 1. air oat o *Qnd 760 inm. pressure, 
.have to be introduced. 

I^ow each* kilogram of free sulph^ir (brimstone) t:equires 
6199 1. air at 0“ and 760 mm. ; consequeptly A certain quantity 
of sulphur, burnt as FeS.^, requires « 

8407^ ^ 1.356 times 
6199 


as imich air as if burnt in the free state. ^ 

This is not quite the proportion^of the gas as it enters the 
chambers. For on burning FeS, a portion of the oxygen remains 
behind with the iron, whilst on burning brimstone the whole 
quantity of air gets into the chambers, and at equal temperature 
and pressure retains its volume, since oxygen on combining 
with S^to SO2 does not change it.s* volume. 

Thb 8407-2 I. air entering the Uirner for each kilogram 
of sulphur burnt as FeS^ produce the following quantities of 
gas, calculated for o' and 7C0 mm. : — 

699-4 1. SO.j generated from the same volume *of 0, 

* 3497 1, O required for transformin}> SO. into SO j, 

454-1 „ O as excess, 

4933'3 y N accompanying the theoietic^lly necessary oxygen, 
i7o<S-4 „ N ,, „ cx,( css of oxygen. 

81^4-9 1. containing 699-4 1. SOf, 

830-9 „ O, 0 


6641-7 „• N. 


* for a certain ejuantity of sulphur, burnt as FeS2, 


8144-9, 

f)i99 


times = 1-314 times as much gas must, enter the chambers as if 
the sulphur wete burnt in the free*state. 

Consequently, in the casa of burning pyriks, 100 vols. of the 
normal gasems mixture on entering tj^c chamber ought to consist of 


8-59 vols. SOj, 

9' 87 O. 

8i-54 „ N. 

In mbst factoriesthe sulphur dhjxide'is much below 5-59per 
cent., sometitntis not al)ove 6 per cent •of* the volunfe of the 
gas. In that case correspondingly less^c'd is m^de in th(f same 
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chamber-space, ur^ess the formation of sulphuric acid is increased 
by a' larger consumption, of nitre. We shaH return to this 
subject in Chapter VII. r 

Sulphur Dioxide for UK^ftufactiirifi^^ Calcium Bisulphite^ {m the 
Manufacture of Wood-p2ilp^ctci). — In this case the conditions are 
different from those jus^ described. There is i),o questioli of 
having l;o providei the oxygen for forming Ih^SOj from SOg and 
th^ excess ftf oxygen practically necc.ssary in the lead chambers ; 
and the formation of SO.^ in the burners should be avoideci 
as much as possible. The operation should be conducted so as 
‘ to exceed as little as possible the amount of oxygen demanded 
by the equation :<’FeS.-f nO = Fe.p3+4SO., which corresponds 
to a theoretical maximum c-f i6 per cent. SO.^ by volume in the 
hurner-gas. Practically, however, 1 1 per cent, should not be 
exceeded, because otherwise the burners get too hot, which 
causes the sublimation of sulphur and the formation of scoria 

in the burners. , 

« * 

Harpf (Wochenbl. fur Papierfabr., Biberach, 1901, h?ps. 23, 
25, and 27) gives some calculations referring to this special 
case, containing nothing of importance. 

< 3. Comparisoh of Brimstone and Pyrites as Material 

for the^ Manufacture of Sulphuric, etc, •* 

We have seen above that the burner-gas from biimstonc is 
richer than that from pyrite^; in the proportion of i : 1-314; 
that is 4, ay, ,under equal (Conditions, the gas generated in 
burning pyrites occupies 1-31^ times as much .spacCe as if the 
same quantity of sulphur had been employed as brimstone. 

^ From, this it directly follows that the gas wih also require mjach* 
more chamber-space; thus, for an equal production of sulphuric 
acid, the chambers must be j^out one-third lar^rer if working 
with pyrites than^if working with brimstone. Usually it is 
assumed that the consumption of nftre has to be increased in a 
similar ratio; this, however,*is not ’the case, as a properly con- 
structed Gay-Lussac tower retains almost the wiiol'e of the 
nitre-gas, and the excess volume of air is not’ of great import- 
ance. At the pfesei^t day, indeed, in well-managed works, less * 
nitre L*used with pyrites^ than has ever^ b’een used wifti brim- 
stone. / ' ‘ 

Le^iving tlv; nitre o«k of consideratjon, the advantages of 
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using britiistone are : — A sorrrewhat higher ^^ield of acid (see 
Chapter X.) ; rather srnaller cost of plgnt^and less trouble with the 
burners >f anythmg goes wrong; aild, above ‘all, lyjjch greater 
purity^ of the sulphuric afidj.especTnJly* from iron and arsenic^ 
(this is important only for sale acid, not for use in manure- 
wofks, alkali^works, etc.).^ If brimstync could be In^t:! at the 
same price as the sulphur in pyrites, nobody«^vould hesitate for 
a momeftt to employ the former ; and even a moderately hi^er 
price would not deter from this ; but where the pyrites-sulphur, 
as is the case in most industrial countries, only costs half the^ 
price of brimstone, or even less, the latter cannot be employed, 
except for pure^cid ; and even this, when the difference in prjce 
is very large, can be more cheaply made from pyrites than from 
brimstone. • 

Owing to this cause, the manufacture of brimstone acid in 
Europe is confined to small fact*twics which make s^xxially pure 
acid for bleach-works, for manufacturing articles of food, etc. ^ 
A soijicwhat considerable number of such factories still exist in 
England, whilst very few are found in other hairopean cou itries. 
But it should be noticed that sometimes acid is sold in Iingland 
as “brimstone acid,” which is in reality made from pyrites and 
purified from arsenic, or else acid made from s[)ent oxide f)f 
gLs-works, which is also practically free friim arsenic. In the 
^\st Report on Alkali Work, p. 115, one of the inspectors staj:es 
that in his district only two se^s of brimstone burners were 
working in 1903, against twentj-one sets in ;jse >11,1884. tin 
Scotland m 1903, 2878 tons of l^rimstonQ were burned, agamst 

104,481 tons pyrites. ^ • 

• Jn America formerly all sulphuric Acid was made, from^ 
Sicilian brimstoi>e ; but the notes given above (pp. 81 ct seq^ as 
to the consumption of pyrites jin America show that this is 

rapidly gaining ground. . ^ ^ . 1 1 u 

It i^ frequently assented that sulphuric-acid chambers 

worked- wrth brimstone la^t very* much longer (up to three 
times) fhan with pyrite.s. Ittis not impossible that there is 
some difference in this respect; but even this i^ not certain, and 
at all events the difference in the life ofth^e chambers isoiiothing 

1 Steele (/. Cheim ImU found in a briinsmne* burner 

a deposit of crystallised arsenic sulphate, which, however, will he quite an 
exceptional case. , 
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like so great as foriTierly supposed, and forms no ifem in the 
comparison* of costs (<;/: phjipter V.). ^ 

Sjostedt^ and J/iv. 1^06) maintains that* pyrites- 
burner gas can be got' up lo 14, pet' cent. SO^ with only 2 per 
'cent, free oxygen, and is much better for the manufacture of 
sulphite liquors for wood-pulp than the gas fropi brimstbne 
burners [}]. , 

« * * 

4. Composition of the Gas from Blende -furnaces, 

* For burner-gas from rjinc-blcnde the following calculation 
has been made by Hascnclcvcr {Chem. Ind., 1884, p. 79): — 2 ^inc- 
blende (in the pure state),«>ZnS, consists of 63 parts Zn + 32 
parts S. For burning it into ZnO-fSO.,, 3x16-48 parts O 
are required, for converting the SO^ into SO.^ another 16 O; 
therefore forn 95 ZnS, containiiig 32 S, altogether 64 O. This 
means that each kilogram S in zinc-blende requires 2 kg. 

* O, or 13987 1 . at o'" and 760 mm., together with 5258*0 1 . 
nitrogen -6656 1 . air. In* order to make allowance faf the 
6*4 vols. per cent, of oxygen required to be in excess in the 
exit-gas we find this by the formula: — 



- 484-0 \l. oxygen, corresponding to 
1820-7 „ nkrogen 

2304-7 „ air 

Consecjuently the normal .gaseous mixture in roasting i ^ 
•kg. .bltnde consists of: — 

699-4 1‘ 

349-7 ,1 O for forming SO/ 

484-0 „ O in excess, ^ 

5288-0 „ N entering with the theoretically necessary oxygen, 

1820-7 „ N „ „ *' exceS^ oxygen, ^ * * 

8641-8 1. of gase«. * / , 

Thi.'i means tjiat ipc 5 'Vols. of the gas should contain : 

V^Vols. SO2, 

9*69 M 0, 

€8^-19 „ N. 
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GAS FROM BLENDE-FURNACES 

According to information* received in I9g>2 the blende-gases 
'Contain only exceptionally less Jthai^ 6 ^ler cent. SOo', ordiflarily 
6 to 7*5 "per cent. SO.^ apart^from (see bdow}^. 

Sp far, as we see from* IIaseni:lcver’s calculation, theory 
would show that the strongest obtainable burner-gas froni 
blende is not much inferior to tha^ obtainable frota pyrites 
(p. 559). But apart from the fact hefe, as welUas in the 
case pyrites and to some extent even of brimstone* the 
^theoretical figures are undoubtedly interfered with by the 
formation of sulphuric anhydride, there is, at least in the case 
of^all the older blende furnaces, a far more potent reason 
why the practical percentage of SO.^ in bfende-gases should 
be far belo“w the theoretical one. Seeing that in those older 
furnaces only half or at most two-thirds of the sulphur wes 
liberated as SO^ [and SOJ, that the other half or third re- 
mained behind in the state of ZnSO,^. and thafthe nitrogen 
corresponding to the four atoms of oxygen contained in ZnS04, 
dilJfi^ the burner-gas, it is easil;^ understood why formerly 
it j^as^ considered good work if blende-gases contamtsd 5 
at most 6 per cent, of SO.,. The modern furnaces (pp. 5^4 
et scq.) undoubtedly yield better gases, npt much inferior to 
the burner-gas from pyrites. 

• 5. Sulphuric Anhydride i^ Burner-gas. . 

• 

IiP the pyrites-burner, beskles sulphur ther* is 

always sBmc sulphuric. anh^drWe formed during the burrftng. 
This fact has long been known, and was explained in* 1S52 
' by. Woehler and*Mahla, and again in *1856 by Plattnar^Vg 
metallurgischen •Rostprocesse) alter many e^periirui'nts, in this 
vvay — that many substances, f^ne t)r which (ferric oxide) is 
present in large quantity in the jiyrites-bujner, dispose sulphur 
dioxide*to combine with tTie oxygen of the air to form sulphuric 
anhydr ide**; as we now express it by “ catalytic action. We have 
already*^secn, and in Chapter •XI. the subject is tully detailed, 
that this reactfon can be used for the^produCtion of sulphuric 
anhydride itself. Another jdausible ex^Janation is, th^t in the 
cooler parts of the py^itcs-burntrS^sylphates of iron arefprmcd, 
which in the hotter parts again split •ni3* into Fep.^ .and SO3. 
This explanation, however, is not suffic^enj for hertman s experi- 
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ments Dingl. polyL /., clxxxvii. p. *155), according to which the 
whol^ of the fumes of anhydride ^appear the mo^.ent the pyrites^ 
take fire. Schcur6r-Kestn#r {BulL^Soc. Chim., 1875, Jcxiii. p. 
437) explained the matter ffo^m th« well-known fact that ferric 
oxide can act as an oxidising agent by successively giving up 
and absoijbing ox3^gen. ^t^is, however, establish^ that even 
on burning j^urc salphi^r a little sulphur trioxidc is formed, as 
we sjiall sec. ‘ ^ 

In Fortmann’s experiments, made on a small scale, on burn- 
ing pyrites far more SO.j than SO.^ was formed, viz.*, in one 
experiment 4 times as much, in another as 5 : 3. His resists 
were evidently altogether wrong, in consequence of a faulty 
analytical method. Scheuref-Kestner {loc. r/A) only' found 2 or 
3 tper cent, of all the SO.^ converted into SO.,, but a larger 
deficiency of oxygen in the gas than corresponds to this 
amount; and* the subsequent drt5cussion between Bode 
polyt. ccxviii. p. 325) and #Scheurcr-Kestncr (//;/>/,, ccxix. 
p. 512) did not clear up the matter. • 

In order to decide the question of the formation of SO3 on 
^burning pyrites by more exact methods than those hitherto 
used, especially by,Fortmann, I made, together with Salathe, 
a Series of experiments (AVr., x. p. 1824). It was found thaj 
SO2 cannot, as Scheiirer-Kcstner had supposed, be absorbed 
and, estimated by barium ^hloride, because even chenvcally pure 
562 with ‘ikCl. in the presence of O or atmospheric air at once 
giv«s a precipitate of BaSO^. /Check tests proved that exact 
resifits were obtained by conducting, the gas through an excess 
of standard iodine solution, rqtitrating the latter by sodium 
^eijite, and estimating the total sulphuric* acid formed in 
another portion of, the liquid by precipitation with BaCl.^. By 
rctitration the quantity of absorbed was fo^md, and by 
^subtracting this fronp the tota^ sulphuric acid that of the SO., 
was obtained. Two e:tpcriments with'burning Spanish cupreous 
pyrites, containing 48 62 per cent, of sulphyr, in a gla,ss fube in 

a current of air gav^ • , 

• • 

'■ 1, II. 

• • • 

.Srfiphur obtained as SO.; , • 88*02 « 8078 per efint. 

„ . . 5-8o • 6-05 _ „ 

in the residue . 3*43) 

lAl . . . 275/ 


f 


5-17 
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’ Of tlie sulphur of the burner-gas itself tl^ere was present—, 

. 1 . . • n‘ 

AsSOa . . ,• 93-83 * . ‘ 93 -''\ 3 .pcr cent. 

„ SO., . • 6-I7*# 6-37 „ 

Two other experiments were made in this way:— In 'a 
glass tube jO g. of cinders from .tlfic same pyrites* in pieces 
about yie size of a pea, were completiily fi^cd frtjjn Sulphur by 
, ignition, and fresh pyrites was burnt a§ before, the gas pafesing 
through the cinders. Found ; — 

* III. IV. 


• Sulphur as SO.^ 

„ SO, 
RcskIuo and loss 


. 79-2 5 • 

. 1 6-02 i6 -(S4 „ 

. 4-73 „ 


Of the sulphur of the burner-gas itself there was present:— 

. III. ‘IV. 

As SO,. . . • 82-00 per fent. ^ 

, „ So“ . . . id-82 18-00 „ 

bn the large scale the formation of SO,, will hardly be as 
considerable as in the last two experiments, because in the 
burners the gas passes through much Ic.ssjgnited ferric oxide 
than in our experiments. 

By later experiments in my laborat(*ry {C/u’m. Zeit., 1883, 
p. 29) it was found that in roasting^pyrites by itseF 5-0^ per 
cent., but^ when passing the guises through a la)'er of red-hot 
pyriPes-cinders 15-8 percent, dj^thc total suliihur>-eappear^l as 
SO, wWch entirely egnfirms^he above re.sults. On burning 
briiustofie it was found that even then 2-48 to 2-80 per cent* of the 
sulphur was conv-^rted into SO,*; and thl^ quantity was iiw:reas^d 
to 9-5 to 1 3- 1 percent, if the gases were passed tlvough red-hoi 

pyrites-cindcr.s. ^ • 

ilempel {Ber., iBpg, p. 1455) found that, on burning brim- 
stone tn oxygen at thc^ordinary atmo.‘*pneric pressure, aboul 
2 per ceiA. of it was con\ferted iftto SO, (which agrees with m) 
result^, as ^given atove) ; but when effecting the combu.stior 
under a presiAire of 40 5 ® atm., ^bont 5^ per cent, of th( 
sulphur was converted into SO,. ^ ^ ^ 

Further experiments were •rrpa^ by Scheurer-Kestiter {BuL 
Soc. Chim., xliii. p. 9 ; p. 98) witn d!c gases frojn pyrites 
kilns as given off ii^ actual manufacturing. Wc quofe^here 
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spries of his results# obtained with*samples of burner-gas taken 


at various times- 
dust-burner.« 


-A, from a lu^np-burner ; B,^^rom a Maletraf 


K.^jMmp-burn€i\ 


K. Dust-buj-tn'r. 


Volunu‘*,)or * * 

Sulphur coiiverteil 

cpnt.*JfSOo * 

into SO;, por u(mt 


of total S 

7-3 

2-8' 


f? 

5*8 

f 

. 6-5 

1-2 


6-6 

I-O 

Average 

' 8*3 

0-0 

3-1 

9.9 

2-8 


6-2 

8.4^ 


8*2 

3 - 0 ' 


90 . 

6-8 


7.6 

0-4 


Ji -3 

0*8 

Average 

7-7 

1*0 

3*5 

87 

^•5 


‘^•7 . 

9-3 


7-6 

4 'ij 



e quantity of SO3 formed is here found to be very 
lar, varying from o to 9.3 per cent, of the SOg; the 
average is decidedly less than in our laboratory experiments 
with pyrites. « 

F. Fischer {^DingL polyt. cclviii. p. 28) obtained the 
foWciwing' results, which the same time give an ifJea of the 
difference in the composition of the gases on the various sljelves 
of 2^ Maletra dust-burner : — ^ 



, so_, 

so, 

0 

V 

per cent 

per eeiit 

pi*r cent. 

/es/ (shelf-buiner) 

'‘Sec ond shelf from below . 

096 

' 0-44 

1 8-4 

Fourth, „ ^ „ 

1.52 

0^68 

166 

Sixth „ „ • . . 

3-8 1 

0.97 

12-5 

Main flue . . . . * . 

8-26 

1.34*' 

5-9 

5 ) • • ' • ' • 

F‘53 

1-27 

• 7-5 

Second test (shelf-burner). 

Sixth shelf from below 

8’43 , 

3-17 r 

. .3‘9 

5 > » • ^ • • • '• 

4-92 

0-68 

107 

Second shelf from below . 

2-48 


14*8 

Fourth ' 

2-62 

078 

1 6*0 

Ml in flue ' s . ^ . 

5-8o 

• 0-65 

10-6 

Lamp-burner . . • # up to 

9*3 * 

2-1 

5-0 


These tests were made by an expeditious method which 
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cannot compete in respect oi accuracy with^ that cm})loyed by 

me or by Scheiirer-K^stncr. The ^nu^h larger quantity 6^ SO3 

in propartion to SO2 is perhaps exflicable in this ^ay.^ 

BJende-roasiiyig gases^^ wbcn ttigted by my method at the 

Rhenania works at Stolberg, yielded up to 25 per cent, eff 

th*e total S.as SO... • 

* • • • 

If the burner-gases are not passed hot iiito a Glq,ver tower, 

but arf cooled in the old way, most of the SO., t:ondcnscs in 
the shape of sulphuric acid, more thait enough water for this 
purpose* being contained in the air and the pyrites. Where 
thj gases go into a Glover tower, this, of course, retains all thfc 
SO3 previously formed, also in the shape of#SO.>n^ (Scheijrer- 
Kestner, he. cit.). We shall further on consider this fact in 
detail when speaking of the Glover tower and the formation^of 
sulphuric acid generally. 

The constant presence of# sulphuric anhydrklc in various 
proportions in the burner-ga.s, is, of course, a source of in*- 
accifracy in the testing process according to Reich 'see below), 
which indicates only the sulphur clioxide, as we shall see later 
on ; it causes, moreover, a deficiency of oxygen and an excess 
of nitrogen in the composition of the gases. Hitherto no* 
satisfactory relation has been found between the amount of 
SO.,, SO3, O, and N in the many analy.sps of burner-gases, as 
is apparent from the disputes between wScheurer-Kcstner and 
Bode {viife supra, p. 564; if. ^dso fu'vl. Her., vii. p.*i665)*,* as 
well &s from Fischer’s tests jusl quoted. , ^ ^ 

The •above-mentioned restiits have led to the following 
attempt of increasing the formation of sulphur trioxide *in the 
roasting process.* Collett and I’ckardt (Noi w. \\ 20273) ijicrea sc 
the percentage .of SO., in burner-gases by ^assin^ them, iliixe*d 
with air in excess, over the hottest part of the burnt ore, 
whereby a great part 0/ the SO.^ is converted into SO3. Pyrites 
and aif enter the burnct, not,*as othci;\\^sc usual, in opposite^ 
directions, but in parall^ currefits, and the gas and the hot 
cinderS aVc allowed to act i^pon each other for a sufficiently 
long tfme. *Phe burner-gases in that case* contain so much 
SO3 that they can be employed dii^ctly for the m^ufacture 
of ammonium sulphate (comp.*.y»^;^/^>, p. 500). • 

* ll'drpi ‘{Dingl. polyt. /, ccci. part 2 ) grossly ilisinterprt:ted 
Scheurer-Kestner’s results, as shown by lyc^ pait,. 1 . • 
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6. Actunl Pcrcfntage: rf Sulphur Dio.vule in Burner-gas. 


A source of dilution o 4 the burner-gas, not easily traceable 
quantitatively, is this— that the^hutnt ore does not contain 
pure Fe.,0.5, but also sulphates of iron, which must alWays 
retain irK,?re oxygen than Fe^O.^, and the nitrogen corresponding 
to this excess of oj'ygen must be found in the burner-gas. On 
the other h'and, a little nitrogen will have to be decKicted if 
in the burnt ore FeS' is present ; but this amounts to ver/ 
little indeed. 

' Moreover, in the factories working with nitrate of soda de- 
composed immcdijitely behind the burners, the dilution of gas 
caused thereby must be accounted for. The calculated density 
of NO.jr is J i7«S23; we need only take this into account, as 
the NO Jl forms the largest portion of the gas given off by 
the nitre mixture. It differs io little from that of SO, (viz., 
2-2109) looking at the small quantities in question, we can 
'take the two as equal without any sensible error. New in 
normal working order, andhrsing a Ga}'-Lussac tower, certainly 
not above 5 per cent, of nitre on the burnt sulphur is consumed 
(corresponding to 3 7 per cent, of NOjH), or 1-85 upon the SOg. 
Thus a gaseous mix^ture which, w'ithout the nitric acid, contains 

I • <S ^ X 8 • ts 0 . . .* 

8-£;q per cent of SO,, contains besides — = — nitric acid 


va^fbur, which increases its volume to lOO- 158(9, and ^diminishes 
the^ percentage of SO., in the to^al volume to 8-576 — a diminu- 
tion too slight to\)e traceable ?y analysis. Also if the nitric 
acid js not calculated as such, but as NO., or N^O.^, it has no 
sensible influence upoif the analyses, even if the sample of gas 
is taken in a place where the nitrous vapours coming from the 
Gay-Lussac tower liave already entered into the process. 

Still all the above-mentioned causes unite in somewhat 
* diminishing the percentage of 'SOg iit the burner-gas : *^so that 
the percentages stated above < 


1 1-23 per cent, by volume' in burning sulphur, 

8-59 ' ^ » » pyrites, 

must be %okcd upon as the < 7/1 which in practfee can 

only be approached, but hardly ever reached, and which ought 
never to-be exceeded, „ 
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* If the sulphur dioxide in*the burjier-ga^ be estimated, this 

Avill sufficiently* test the style of t^roing, since the oxygert of ^ 
the gasenust necessarily be in inverse proportion its sulphur 
dioxide — although not exactly, the sulphuric anhydride 
comes into play. In practice, usually from ii to 13 per cenl. 
of oxygen ii^ found in good burner-gjs. • 

The innumerable observations made up#n the ^'lerccntagc of 
burnei^gas in chemical works have proved that with very good 
pyrites the above maximum figures can be very nearly ap- 
proached, whilst with other ores, badly burning or containing 
unj'avourable metallic sulphides, only 7 to yh per cent. SO.j in 
the burner-gas is attained {€.o\ Ikichncr, J)ingL polyt, oexv. 
P- 557 )- course, looking at Hie difficulty of keeping the 
evolution of gas exactly uniform, the different observatians 
made in the course of a day will frequently yield less than the 
above figures (eg. Scheurer-Kcstner, //'/V., ccxix. 117, in one 
day found 6-5, 6-5, 6-o, 8-o, 9-c\ 87; even greater difference^ 
occifi* in his tests (pioted ^upniy p. 564) ; and they only signify 
the average percentage 01 the burner* gas. As a 
below which the gas of real pyrites ought never to fall, 6 per^ 
ccnt.--as ordinary average, 7 to 8 per cenh SO^ by volume can 
be assumed. If less is found, the draught should be cut ofi^, if 
more, more air should be admitted. • 

Crowder {], Soc. Client, hid., ^^891, p. 298) quotes, the 
following observations on the liolume-percentage of 6urner-gas 
(details in the original ; no \^ccount is t^kei^# uf the 

present)^ — , ^ • • 

Sti.j. o. , 

Lump-kilns . . . ff'Jiu 4-97 4 ^^ 9-6otoii-2i 

• Old dust-kilns (shclf-burners) „ rK'3 „ 7-02 9-10 „ lo-eo • 

„ another ore. . . „ ^-34 „ 7«t3 f-78 „ 8-82 

New dustj^ilns . . ■ *4 06 „ 7-03 8-98 „ io-68 

• 

Thf temperature of Ihe gas, where, ft enters the Glover* 
tower, in the case of lump^biirnert; is between the melting-points 
of zint (4i2\C.) and antimony (432 ). The gas from dust- 
burners, whieVhas first to traverse a series of dust-chambers, is 
generally hot enough to melt lead {^26 ), byt it is sometimes 
rather^ less. ’ ^ * \ 

All the. above calculations refer on^' tb pyrites p^^per— that 
is, such as contains merely a few ,p«r cent. Qf other •metallic 
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sulphides. If the fatter have to ‘be roasted by themselves (for 
instance, preparatory ta tljeir ^metallurgical vtilisation), onl^ 
poor gas can be obtained, |^\rtly because more sulphate's remain 
in the residue, for which tli^^’correspohding nitrogen is foynd in 
the gas, partly because they must be roasted altogether with a 
larger exf:ess of air. ^ ^ 

Bode .states {Gkvcrthurvi, p. 88) that at Oker poor ores with 
27 Qer cent.^sulphur, of which only 23 per cent, was combined 
with iron, the remainder being present as blende and barium 
sulphate, yielded gas with 5-5 percent. SO.^. Lcad-ma’:;te yields 
gas with 5 to 5*5 percent; coarse copper metal (with 34^Der 
cent Cu, 28 per ciS'nt. Fe, and 28 per cent. S), 5-5 per cent SO.,. 

According to Wunderlich (Z. f. d. cJiemd Grossgew,^ 
i.«p. 74), the gas at Oker contains 5 to 7 per cent. SO., ; its 
temperature in the case of ores rich in sulphur reaches 360"", in 
the case of poorer ores about 230'. 

^ In the case of the Rhenania blende-roasters (p. 504) the 
gases arrive at the Glover tower above 300 , sometimes ep to 
400'' (information received in 1902). 

Attention must be drawn to a circumstance frequently over- 
looked in analyses — that for technical purposes very rarely a 
reduction of the volumes of gases to o and 760 mm. is effected. 
This matters less in ordinary gas-analysis than in tests like that 
of ^cich, where the gase^ are compared with a fixed quantity 
of*S0.2 assumed to be at o and 760 mm. This causes most 
tc.ste made by I{eich’s methoc^ to indicate less than tht‘ real 
percentage of SO^ present. ^ '' 

Usually 4 per cent. SO., in the gases entering the chambers 

cor^idered the mdiimum at which it is^possible to maj<e 
sulphuric acid wit^ioiit actually losing money 'by the process. 
Locally, of course, this may be, modified to some, little extent. 
At Freiberg 4 to 3.I per cent. SO., i.s sR’.ted as the minimum at 
which the manufactiKC of sufphuric^ acid can be carried on 
without pecuniary loss. The** average at those worlds, where a 
great variety of poor ore.s, all arsenical, and “ matte” is^roasted, 
preparatory to the smelting process, is from 5' to 7 per cent. 
SO2 in the burnej-gas. 

Sup'll (p. 562) we have irje^irtoncd thc,as.sertion of Sjostedt, 
according to which pjVit^s-burper gas can be got up* to 14 vols. 
per cenf. SO.^, for the manu/acture of woo^-pulp. 
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^ 7. The QuanUtatkH' kstimation (yf S?tlpiiur Dioxide .in 

*• Burner - * 

This is usually effecteu l?y Reid^s process, whfch consists in 

’asperating the gas through a measured quantity of a solution o'* 

iodine, to which a little starch has been added. This is carried 
i • # * 

on till the blue colour of the solution disappears ; the amount of 

gas as[flrated in proportion to the constant quanfity of iodine 

Employed admits of calculating the peTcentage of SO.^ in the 

gas. 

^The reaction taking place is as follows : * 

2l+SO, + 2ll.O-2lll + IUS(f. 

» % - ‘ 

The operation is carried on with the apparatus shown in Fjg. 
156. A is a wide-mouthed bottle of about 200 or 300 c.c. 
capacity, provided with a three-times perforated* india-rubber 
cork. Through one perforation parses the glass tube a, which, 
by njlfcans of the elastic tube /», .serves for introducing the gas ; 
for this purpose a hole is drilled in some convenient part of the 
burner-pipe, and the india-rubber cork c exactly fitted into it. 
The second, somewhat wider perforation is closed by the small 
phig d\ through the third perforation the elbow tube c pasiA^s, 
which is connected with the corresponding,tubc/of the bottle J^, 
holding 2 or 3 1 . The latter .serves as an aspirator— the gjass 
tube g, reaching to its bottom, l^^ing continued into kn elastic 
tube fi closed by the pinch-coc^ /, the whole^wh^i .once filled 
serving a siphon. Thagradifated cylinder, C, holds 250 t.c. 

When the sulphur dioxiSe in any ga.seous mixture has^to be 
esjimated, the coii: r is inserted *into a h^le of the pipe convey- 
ing the gas. The vessel A is fdlcd up to aboyt half of its 
capacity, through d, with water ; an«l B is filled almost entirely. 
A small quantity (usuajly 10 c.c.) of standard iodine solution 
(12-65 g. I in I 1 . of wat(!r) is a*dded to Jtf?e water in A, along* 
with a litfle starch, by wHich the water assumes an intensely 
blue cofour.* The pmch-cock m the clastic tube h is shut so 
that no air can* enter into A ; / is opened, sot that water runs 
out until the air in A and B is so far^^pandc^ that th^ column 
of wafer in B is ^supported. •'Phe^w*ater then ceas(?s*Jo run, 
provided th^t everything closes air-tight ,* if not, the*\j^ater will 
continue to run. When the apparat^i has beeg thus tested, / is 



Fig^ 156. 


• • 

slowly, the gas to be tested entering through a in single bubbles 
and (ising through tjie ^«loured water. As soon as the SOg 

t • ' 
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contained in the gas gets intt) the wj^ter, it^converts the free 
i&dine into hydripdic acid ; and ^fte« a» certain time the irqiiid 
will be (^hecolorised, which last lUippens very .^Kidcnly and 
can he very accurately dhswved. •Directly this happens, the 
COCK / is closed. By this preliminary operation the whole of the’ 
inlet-tube is ^led with the gas to be.l^sied. t 

Now d is opened, and a measured ^volutne (sa^, h c.c.) of 
sjtandar(f iodine solution is put into* the vessel A, by whiclky of 
course, a blue colour is again produced ; d is closed again ; i 
is cautioiftly opened, and water is run out till the licjuid in 
whi^h, on opening d^ had risen to the level of the outer liquid, 
has been depressed to the point of the tube, iff order to expand 
the gas in A up to the degree of pressure at which the following 
obse!^vation is made ; then i is quickly shut, all the water th^ 
runs out is poured awa)', and the einpt)’ graduated vessel C is 
put back into its place. Now / !s opened, and, by The running- 
out of the water, gas is slow'ly uspirated through A, till the , 
liquid* is decolorised again, whereiy)on / is closed, and the 
volume of the water run out into the graduated cylinucr is 
measured. Wcw'illcall it /// c.c. In this process no sulphur , 
dioxide escapes unabsorbed if the bottl^ A is constantly 
sVken ; it is best to do this with one hand, holding the pinA- 
cock i open with the other hand, and Getting this go the 
moment th^ colour has vanished, or e^^en when it is but faint, 
as it generally disappe.irs on sha^^ing a little longer. 

It *s advisable to add to the \^)dine .solution a Mtrie sodium 
bicarbon^e, which will facilitafe the absorption of SO2 (C. 


Winkler). , * 

, If a second testing is to be made, wilh?\jt any further ifll^er^-^ 
tion a fresh quaiTtity of iodine soluti'’n caiiite pufr in and the 
process recoiiiiTienccd. When ^n's T.as been repeated a few 
times, the decolorised liquid in ^A, after a short time, again , 
turns blue^because then fts percentage m HI has become so 
large that^ ^ decoo'^poses^on standing and liberates iodine. 
This liqyid mi^t then be poufed away, anc^ replaced by fresh 
water and a little starch solution. 

Th^ calculation^of the result is >^^fcllow»: — Ihc^ff c.c. of 
iodine solution, provided it contai|^« 12-6^ g, per litre, •by its 
decolorisatibn shows 00032 g. SO.^, \^hich, at o^Uj^and a 
barometric^ pressure |)f 7^0 mm., yceu^ie^^ a vdltnne of m^ 4 x « 



674' THE URODUCTION OF SULPHUR DI(5xiD& 

C-c. If the baronvjter shpws /; mfn., and the thermometer f C, 
and the difference of water-Iev^l in the aspir^i-tor is =// mm*. 

equal to — ~ mm 
13-6 

SO., is 


I w 

1. of mcrcuny, the tx^act volume of 0 0032 x n g. 

f • f 


I. I 14 X // X A ^ X (l 4-0.003665 /) c.f. 

r 0 

13.6 


As the water run out, and thus also the gas aspirated 
‘through A, arnenints to in c.c, the volume of the aspirated 
gaseous mixture, ^before the absorption of the SO.^ contaftied 
therein, must have been . 


;y/ 4 - 


1 4 X X 


X ( I 4- 0,003665 X /) c.c., 


*and the percentage of SO^ in v^)lumes of the gaseous mixt<>ire 

< * 
100 X 1. 1 14 X ;/ X — X ( I 4 - 0.003665 X /) 

/y - 

13.6 

w 4 - 1. 1 14 X X X ( [ -f 0.003665 X /). 


^In maqy^ases a correctional' the barometrical and tlTermo- 
mefrical changes will not be re^nuired ; and the formula is then 
simply/ 


>1 r.4 X n 
; - 4- I . I r 4 X y/ 

4 


[)er cent. S( 




If the percentage of SO2 inlhe gas is very sih^/il, and thus;;/ 
very large in proportion to ;/f the fiyrmula may be siinplified 
into * . . 


1 1 1.4 X // 
ffi 


If I(f JC. of a decitiormv] iodine solution [- 12 65 g. i^i 1000 
c.c.) have been jjut into A, kl^is quantity, according to the above- 
given formula, will cori;espond to 0 032 g., or i M4 ‘c.c. SO.^, at 
o'" C. ^ncl 7G0 nun.; avd ^this, number ne^d only be multiplied 
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try 100, ancT divided by the •number^ of cuj)ic centimetres gf 

nvater collected jn C,plus ii, in^ord^r to find the pcrrent’a'b^e of 
SOo in tihe gas. The barometrical ^nd therfnom^trical correc- 
tions are in this case, of course, ne^cted. The subjoined table 
ViB save this calculation. On employing lo c.c. of decinormal 
ioBine solution, the following numj^er of cubic ccjitimetres 
collected in the graduated cylinder, C. show : — ^ 


Cubic centiinoLroa. 


Volj^nu; iKTContagf 

82 


120 

86 


. II. 5 

90 


1 1-0 

95 


w>s 

* I OCJ 

• 

10-0 

ro6 


9-5 



90 

120 


8-5 

I2<S 

# 

8-0 

138 

% 

7-5 

148 


7 

1 60 

. 0 

6.5 

175 


6-0 

192 


5-5 

212 


5.0 



# 

. 4 .,.! .. 1 . „ 


is already mixed with nitre gas, this will not exercise any 
practi^ally^important influence^ upon the result We hat^e 


alrea(%^ seen that, in ordinary w }rk, for each lOO ^^lJ:ts of 
only i-S^fNMO.,, or its ecjuiVi dci\ .IS NT) ; or exists in*the 
gas. In such dilute aqueous suiulions as come into qufstion 
here nitric acid l^iirdly at all oxidises .^^phurous acid; thk^ 
hoVcver, is doiiQ by nitrous and h\q)otnM'i^icids. ^ Even if we 
assume that on]y NOo is formed (wliich i^ going much too far), 
this could at^most oxidjsc its equivalent in SO.^, according to 
the fornfula • * ^ 

• NO . -4- SO., + NO. 

4O thiJ» oxidises 64 SO., or 1-35 NO* ^the equivalent of 
1*85 NOyll) only 1S8 SO.,; in othei^ords, i;i the woiiit case, 
never Ifappening in*practical wefrk, oT Too parts SO.^ parts 
would be oxidised by* nitrogen acids iftst^ad of iodH^e. liven 
this maximum error would, say, at i^^^cr cent,iOnly arrtount to 

A • ' • • 
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a deficiency of o-i^S pcr.c^nt. ; but this is certainly ^reckoning ft 
^ much- too high. . ^ 

Raschig (Z. angew. C/i\vfi., 1909, p. 1182) point? out an 
. inaccuracy connected with /his nwthdcl in consequence pf the 
{Presence of nitrous gases, and the uncertainty of recognising 
the end of the reaction, ovvjnj^' to the fact that the iojline solution, 
after being dccolork:ed, again takes a blue colour through the 
actipn of nitrous acid. This 'fault is, however, avoided, if^'sodium 
acetate is added, say for each 10 c.c. decinormal iodine solutioi/ 
about 10 c.c. of a cold saturated solution of sodium acetate, and 
the chamber gases arc filtered through glass wool before rcach- 
ing'the iodine solif^j'on; thus only acetic acid is present in the 
free state, which i)revcnts an]^ action of nitrous acid. This acid, 
ii> fact, or its equivalent of NO-fNO.^, can be estimated after 
performing the Reich test, by adding a drop of phenolphthalein 
and titrating tvith decinormal NtiOIT solution till the red colour 
^appears. From the volume of, soda .solution consumed must be 
deducted 10 c.c. for the IIJ formed from the lo c.c. normal 
iodine, and 10 c.c. for the ITSO^ formed by the reaction : 

^ SO .2 + 2J + 2lh^() = 2HJ -f H.^SO^ ; the decinormal .soda .solution 
used beyond tho.se 20 c.c. indicates nitric and nitrous acid. [This 
estimation is not quite correct, because the C(X of air (and of 
that contained as iivpurity in the NaOH solution) also acts 
on ^phenolphthalein, and ^ no boiling out can be allowed here 
^ because then the nitrous acid would be driven out as well.] 

8. Lunge's Test /or Total ehlWs in the Burner-ras. 

*f ' «-> 

^ • Considering the hriccu racy peculiar to Reich’s test, owing to 
the constant, presej: ;e of sulphuric anh\’dride in the burner-gas 
(cf. supra, pp. 563 et se<j), tht question arises whether it would not 
^ be better to substitute for it a test shoeing the total acidity of 
the burner-gases. '^Itere is noVliffici/ty in doing this, cfither by 
the method indicated for testing th«: exit-gases, or *in a more 
expeditious way by employing in the apparati,is (h’ig.* 157) a 
caustic-soda solution, tinged red by phcnolphthU*ein (litmus is 
not suitable in this, nor iV methyl-orange, which acts differently 
upon ^tflphurous and sulphyrie keid, cf. p.^ 31,4). I have^' shown 
this met|,ibd to be (!juite practicable and accurate, and it is 
carried but at irwny worlds for the regular^control of the process. 
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^ TOTAL ACIDS IN BURNER-GAS ’ 

A decinarmal solutiomof caustic r?c)da is emf)loycd, of which lo 
/:.c. are tinged red wfth phenolphthrflein ail^l diluted to ,«'ibotit 
100 or :^oo c.c. ^The gas is aspirated’ through it slowly, exactly * 
as in Reich’s test, with conthiuous shaking. Espc^“ially towards 
•the eftd the shaking must be contfnued fur a while (say half.^ 
minute), each time aspirating a few cubic centimetres of gas 
through the Aquid, till the colour has*ftccn completely discharged, 
which i#best ascertained by putting a \vt\ite piece o^ paper or the 
4ike underneath tlie bottle. The calcuktion is made exactly as 
with the iodine test, counting all the acids as SO^ A large 
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number of practical tests made in this mciqner have shown that 
tlK* percentage oT total acids calculated is always'ltirget 

than the figures found by the iodine ^e^'t, o\^ng to^he presence 
of SO 3 , and '^h*at the results of die former test agree with those 
of gravgnetrical estimalic^is. • ^ 

The absorption-bottle ^used by me differs from Reich’s in 
having, ai> ^nlet-tube for the gas, closed rd the bottom, and 
perforated by*ljiany pin-holes* through which the gas rises in 
many minute bubbles, instead of one l;irge* bubble, as shown in 
Experi«nce proves^tjiis/ia fte greatly si^i^rior to 
Fig. 156. ^ ^ * 

The otherwise excellent absorbing;buttle desdrjbed in 
• • • * " 2 0 , 
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I 

( ^ f. 

No. 34 of the AlkaU Inspectors' Reports, p. 22, is noi av;iilable i«i 
this cilse, as it contains^ india-rubber rings, which act upon 
iodine. . ^ > 

t V 

' ’ ^ 

f • 

Q. Estimation of Oxvgoi in Burner- and Chamber-gases! 

, ‘ ' ' I* 

Althc^igh burntjf-gas fs not generally tested 'for oxygen, 
this test being reserved Vor the exit-gases, we will here rlescribe 
the 'methods employed ’ for estimating oxygen in any of the' 
gases occurring in the manufacture of sulphuric acid. 

* Oxygen is for technical purposes always estimated by means 
of absorbent, ob, serving the contraction of volume produ( 5 ed. 
Some of these absorbents ore not now employed, eg, nitric 
oxide (used by Priestley and by Scheurer-Kcstner, Comptes 
rend,, Ixviii. p 608 ; also recommended by VVanklyn), fef'rous 
hydrate (Vogt, Ding! polyt, /., ccx. p. 103), and others. 
Cuprous chloride in amnioniacal solution may be employed 
'for absorbing oxygen, but it has no advantages over pyrogallol 
or [)hosphorus, and several drawbacks, so that it cannot be 
recommended. The choice really lies between the two agents 
'just mentioned. 

^Of these pyrogalhl xww's^i be used in an alkaline solution, and 
it acts very promptly indeed. Its use for this purpose waTs 
proposed by ('hevrcul as early as 1820, but it became general 
on^.y through Liebig niaily years after. It is true thi^t this 
*' reagent in the presence of pure oxygen forms some cprbon 
moikoxide (Crace'Calvert, Eroc.'flanch. I At. and Phil. 1S63, 
p. 18^); but this never happens \V'ith gaseous mixtures con- 
taining no more oxyg^i than atmo.'^phcric air_(Poleck, Z. anal 
Chcnl., 1869, p. 451).// It is therefore altogether reliable in the 
present case, and very ipuch employed. Unfortunately the 
.solution (25 g. potas.siuin hydrate and 10 g. pyrogallol to 
*400 c.c. water) grad'^^ally thickens afid becomes useluTjs long 
before this somewhat exf)ensivc resgq.nt has been used up. 

Phosphorus is one of the oldest absorbents for exygen, and 
' it has again come; hito use, since'the manner cT' empl6ying it 
has been properly stiidie^and as it is now found in trade in 
very thii,i ^sticks, offering a g /cat iiur face. course it nfust be 
kept under^water, and m^u.st*'be exposed only to the^ gas to be 
analyscci * It acts only Ut a temperature of at least 16'', better a 
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Httle abiDve^ this the first^condition to observed in its use, 

• but it is easy^ attafii if the apparafus is l?bpt in- a soii^cv’Hat 
warm j^ace (lichr an acid-chaitibei^. The action of phosphorus ’ 
on oxygen is interfered wi^h by tmee.*? of tarry matters and the 

•like? but such do not occur in ^chamber-gas. As it is, tjje 
gases, both for the pyrogallol and the phosphorus tes^, arc often 
" previously Vashed and freed frdtfi acid.^ by pas.'^’ig them 
througli a solution of caustic potash ; Sut there ii» generally no 

• great error caused by omitting this treatment. The actfon of 
the oxygen on the phosphorus is at once indicated by the 
formation of a white cloud, and it is necessary to wait a f(?w 
minutes till that cloud has completeh’ dij^[)pcarcd, when the 
absorptios of oxygen will be complete. Once charged, siicii an 
apparatus may serve for hundreds of tests, but it should^ be 
ke|)t protected from daylight 

The apparatus employed fpr estimating oxygen in gaseous 
mixtures may be of various descriptions. Those most used are 
Orsoit’s apparatus {cf. Lunge’.s'* 'J'ccJiuical C/ie^ii.sfs' Handbook, 
p. 97 , and Winkler-Lunge’s Tcchnkal Gas-A}ialyi>ls, 2 \v\ edition, 
p. 87), Lindemann’s apparatus [ibid., p 92), and M. Liebig’s 
apparatus {Dingl. polyt. /., cevii. p. 37, and ccxKxiii. p. 396)*; 
Younger’s apparatus ( /. Soc. Chon, bid., 1^87,]). 348) is a slight 
modification of the latter. The two former can be used for 
phosphorus or pyrogallol, the latter for p*Togallol only. 

Qf cdlmse Ilempel’s, Bunte’s, (tr any other apparatifl^ for 
general technical gas-analy.sis may be employed as well. • 

Ins^ad of taking ojily siinjle samples of Plie taping ^as, it 
is advisable, apart from *111080, to collect an average sainjile 
. (say, for twenty-four hours) hy aspirating a certain (fuantity 
(say, about 50 l.J by means of a large as^^tor with thc*^utlCt- 
cock very slightly opened. Owhig to \ie slowness of the 
aspiration, Tlie gas standing fover the water in the aspirator 
will b* thoroughly mixe^l up, md by tal^ig a sample from the 
aspiratos the average pyccnlagt; of oxygen can be estimated 
with somae degree of accuracy. We shall treat this matter more 
in detail ii/*Chapter VII.*‘ when dc.scrii)mg the testing of- 
the exit-gases. 
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10 . Estiination of pic Oxi 4 ^s atid Acids of^Nitroi^ev in Gaseous 

• ■ 1 r • . ' f' ^ 

, ' YiaV/^/YS. 

Burner-c^as* will contafn tlic abov^ acids if the “potting” has 
bieen done either within or close to the burners, as is usifal »in * 
England. , The acids and oxides of nitrogen are, however, bet 
exceptioi'A^lly cstim;i^cd in t(irner-gas, and not ver/ often even 
in chambcr-^is ; the lafler fs not indispensable, bccaiffisc the 
coloift of the chambcr-g'as on the one hand, and the testing'’ 
of the “drips” on the other, which we shall descyribe in 
Chapter V., arc sufficient for guiding the manufacturer in 
his ]^'ork. „ ^ 

111 well-conducted works, rhowever, the chambecrexits are 
tested not merely for total acidity, but also for nitrogen acids 
separately. For this purpose the prescriptions formulatecr''by 
the British All-iali- Makers’ Association may be observed, which 
we shall give in detail later on (Chapter VII.). These do not 
cfxtend to nitri'c oxide, but we shall see that it is easy to 
estimate this at the same time. In this place we shall give a 
short outline of the methods employed by Lunge and Naef for 
fheir extended experimental investigation of the vitriol-chamber 
pro<;ess {Chcni. 7 ;/^/., <-1884, p. 5) for estimating nitrogen oxides 
and sulphur dioxide at the same time. The pipe bringing thc^ 
gas from the chambers is continued into a Y-pipc, both branches 
of w'hich <ire connected v^ith sets of absorbing-tubes. ,;One 
'branch is connected with three U-tubes containing concentifnted 
pure Vulphuric"aci(t (for retainin^^N./) . and N/J J and 9 fourth 
tube containing an acidulated soliition of potassium per- 
m^ganate (for retairung NO).* The other ^branch of the , 
Y^pip( 5 *fir.st leads int^i long glass tube filled wifh cotton-wool 
or glass-wool,^ where any di;pps of mechanically^ carried-over 
sulphuric acid are retained, anc?* then into two Li-tubes con- 
taining pure caustic-s^5^a solution (for estimating SO^). the 
end of both sets of tubes thewe is- ai^ aspirator, consisting of 
a large glass bottle, holding about 20 1., divided fefo single 
'litres, with a tap (^r^ tap-siphon leading into a similar ^bottle, 
so that the quantity of \^^er run out indicates the quantity 
of gas pa^^d through (faeh bet/Af tubes. The gas remaining 
in the a*spir«itors is tested fo^ oxygen by iibsorption ; nitrogen 
by difference. Gpdplu^t dioxide is found by oxidising the 
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taustic-Soda. solution btominc water, precipitating the 
'Sulphuric aci^^ formed by barium !^hlorid(?^ In the sulphuric 
acid nifrogenn^ioxide and tetVoxiitc are estimated in the way* 
indicated in Chapter III (pj3. scq.), by testing; both with 

p«rntanganate and with the nitrometer. The tube filled wj#i 
potassium permanganate must have retained the }iiiric oxide 
which is foifiid by adding titrated ftflrous ^ulphate sci’-fition and 
retitrating with permanganate. WheTc the quality of SO., in 
•the gas is considerable, this method Cannot be employed; in 
this ca^ it is not possible to separate the NoO., and and 

the method otherwise used for the chamber-exits must be 
eiflployed (Chapter VI I.). ^ ^ 

♦ Nitrogen protoxide, N./ 3 , may occur in chamber-gases 
in very slight quantities. The former methods of its detec- 
tioi^and estimation were very inadequate and failed entirely 
in the presence of other nitr )gcn oxides. It lyay be [)ossible 
to apply the method proposed by Knorre {Bcri. Bcr., xxxiii. 
p. ^136), viz., burning with excess of hydrogen in a Drelf- 
schmidt’s platinum capillary {eff Winkler-Lungc’s rcduiical 
Gas-Analysis, 2nd edition, p. 162), or else Poliak’s method 
(described in his inaugural dissertation, Prag, 19^2, j). 52, and 
in Treadwell’s Lehrbuch dcr anal. Cheni., 2#}d edition, ii. p. c;38) 
of burning in a bright red-hot Drehschmidt’s capillary with 
pure carbon monoxide, measuring the contraction and estimating 
the ^10, •formed. The contraction in burning for NO is 

r for N .,0 there is no contraction at all ; the ^j^kimc of the 
2 ’ # “ * % 

Hence the volume of 


absorbed CC )2 is equal td N0-fN_,O. 

, N.2O is obtained by deducting twice 
(Contraction frotn the volume of CO fouiiS 
by the following equations : — ^ 

2 vol NO-f-2tVol. CO I vol. N^2 vol. Co,. 
* I vol. N„0+ I v(fl CO ^ 1 vol. I vol. CO,. 


t^e volume of the fii'st 
This is rnadJ: cle.lr 


(Z. Elektrochcm.^ 1906, pp. 600 ct seq) estimates 
very sfight efrantities of nittogen protoxi^, such as may be 
suspected in chamber-gases, by c^ling' the gases bj means 
of liqtiid air, whieli cau.>es tht^N^nd oijflflense t8 liquid, 
adding to.it electrolytic' fulminating-sa.s^(H , 4 - 0 ) #nd ''(•xplod- 
ing in an explosion-pipette. The iiKfrcase of the '^lume of 



'5B2 f 


THE l^ftODUCTION OF SULPHUR DIOJCIDE (' 

the gas thus produo^d corrcspondji to h^lf Vhe n!/ 3 originally 
^ |)resent. He thus^found^in the exit-gas^s frony'the Freiberg, 
factory, o o6j to 0 073 per^ ceifL ; from the 'Aussig factory, 
^ o-ii to X) T4 per cent.; in r» very^6ivi chamber-gas, 0*25 per 
cent. N, 0 . 
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